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To address behavioral health shortages, we propose virtual counselor extenders: socially interactive virtual health agents
(VHAS) that operationalize evidence-based interventions to expand clinicians’ reach and mitigate barriers to access for
stigmatized populations. Current VHAs often lack systematic therapeutic communication and evidence-based environmental
design. We present five contributions: (1) the implementation of a complete Brief Motivational Interviewing (BMI) intervention
for heavy-drinking adults; (2) the application of a social cue taxonomy to systematically document multimodal active listening
behaviors; (3) the design of a therapeutic "soft room" grounded in environmental psychology; (4) a quantitative evaluation of
usability and engagement with the target population; and (5) a qualitative thematic analysis of user acceptance regarding
agent demographics and environmental realism. We conclude by extending the taxonomy with therapeutic-specific cues and
providing design recommendations for future virtual counseling systems. This work demonstrates that autonomous agents
can deliver complex therapeutic interventions while maintaining high user acceptance.
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1 Introduction

The global growing demand for accessible behavioral and mental health services has driven significant research
into virtual socially intelligent agents designed in the role of “counselor extenders" [24]: digital technology
that can expand and complement clinicians’ therapeutic support by delivering evidence-based standardized
high-quality screening, evaluation, and brief treatments [82, 98, 198]. Globally, more than 1 billion people live
with mental health conditions, but the median availability of mental-health professionals is only about 13 per
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100,000 population [196]. In the United states alone, the U.S. National Center for Health Workforce Analysis
indicates severe shortages across behavioral healthcare professions by 2037, with supply projected to only meet
57% of demand for mental health counselors, 55% for psychologists, 45% for addiction counselors, and about
43% for adult psychiatrists [65]. This need is particularly acute for stigmatized conditions, where individuals
may be reluctant to seek traditional counseling [31, 104], creating opportunities for virtual agents to provide
initial low-intensity interventions for stepped care when people are too self-conscious or anxious to engage with
human counselors at first [30, 72, 112]. Unlike chatbots or Large Language Models (LLM) applications, virtual
agents are 3-dimensional (3D) computer graphics characters that inhabit a 3D virtual environment, and run a loop
of perception-cognition-action enabling them to perceive and express human verbal and nonverbal behaviors
(e.g., speech, facial expressions, gestures) in realtime. With these abilities, virtual agents can address the main
limitations identified by mental health professionals about chatbots — namely, their inability to communicate
nonverbally [179]. However, the effectiveness of virtual health agents (VHAs) - virtual socially interactive agents
designed with features specific to healthcare contexts [160? ] - as counselor extenders depends on their ability to
model believable therapeutic communicative behaviors, deliver evidence-based interventions, and operate within
environments that support therapeutic engagement.

Active listening constitutes an essential therapeutic communication skill, which consists of coordinated verbal
and nonverbal behaviors that demonstrate engagement, empathy, and understanding [155]. In human counseling
relationships, therapists employ systematic embodied listening strategies that include strategic questioning
combined with sustained eye contact, forward-leaning posture, responsive nodding, to create psychological
comfort and encourage client disclosure [38, 76].

Current virtual counseling systems exhibit limitations in modeling systematic active listening behaviors.
Existing virtual healthcare interviewer agents like SimSensei [39] demonstrate sophisticated capabilities but
mainly focus on detecting and analyzing user behaviors, rather than generating coordinated therapeutic listening
responses. While recent machine learning approaches [54, 92, 200] have achieved promising results in generating
natural-looking gestures, these data-driven methods present challenges for therapeutic contexts where behavior
appropriateness and clinical interpretability must be ensured. Furthermore, virtual agent research often treats
asking, listening, and explaining as separate behavioral components, rather than as coordinated communicative
acts within a unified therapeutic framework.

Additionally, virtual agent research has not systematically applied evidence-based therapeutic office environ-
ment design principles. Environmental factors including color schemes, natural elements, and spatial arrangements
have been shown to affect psychological states and therapeutic outcomes [41, 184], yet many virtual counselor
implementations operate in generic settings [138] that may not support therapeutic engagement. Importantly,
a recent review revealed that researchers frequently did not include sufficient details on which theories they
applied in their design of the health intervention content, or on the agent specific features to enable reproduction
of results [89]. As clinicians extenders, however, VHAs should only deliver evidence-based health interventions
to ensure the validity, reproducibility, efficacy, and safety of therapeutic material they provide to vulnerable
populations [24].

This work addresses these limitations by presenting a virtual counseling system that integrates systematic
active listening behaviors, evidence-based intervention delivery, and therapeutic environment design within
a web-accessible platform. Our approach operationalizes established therapeutic communication principles by
mapping specific nonverbal behaviors to each communicative act.

Our research questions (RQs) are the following:

o RQ1: What design choices can inform the development of a virtual health agent as counselor that elicits similar
socio-emotional responses as those experienced with an effective human counselor?
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o RQ2: What design choices can inform the development of a virtual office environment for a virtual agent
counselor that triggers similar socio-emotional responses as those experienced in an effective human counselor’s
physical office?

e RQ3: What socio-emotional responses do diverse adults exhibit when they can choose from a diverse set of
virtual health agents as counselors for a counseling intervention?

The primary contributions of this research are fivefold. First, we adapt and develop a complete Brief Motivational
Interviewing intervention for virtual agent delivery, building on evidence-based Hester’s Drinker’s Check-Up
[73] for web-based delivery to heavy-drinking adults recruited online. Second, we present a detailed taxonomic
design framework that systematically integrates individual social cues, multimodal active listening behaviors,
and therapeutic environment features using Feine et al’s social cue taxonomy [51], in an effort to facilitate the
accumulation of systematic knowledge on the multitude of cues involved in socially interactive agent design. Third,
we present the design and implementation of a therapeutic "soft room" environment incorporating counseling
literature principles including calming colors, natural elements, ample seating, among other features. Fourth, we
discuss a quantitative evaluation by target population measuring the VHA’s usability, usefulness, engagement,
and human-likeness characteristics. Fifth, we provide a qualitative analysis through in-depth interviews with
heavy-drinking adults, identifying key factors influencing user acceptance. Our findings reveal three primary
themes: agent acceptability (personal qualities, appearance, nonverbal behaviors, voice characteristics), agent
diversity (age, racial representation, gender considerations), and agent environment (therapeutic space design,
realism, views). Based on these empirical findings, we extend an existing taxonomy of social cues with new cues
specific to therapeutic communication contexts, and derive design recommendations for VHAs from our mixed
methods approach.

The remainder of this paper is organized as follows.

(1) Section 2 reviews existing approaches to multimodal behavior generation in virtual agents, and describes

digital evidence-based brief motivational interventions;

(2) Section 3 discusses how our virtual agent counselor system design is grounded in three theoretical frame-
works: a user acceptance model; a social science taxonomy of virtual agent individual social cues used to
document detailed design decisions for virtual agent features; and metaphorical design of virtual counselors
based on social science counseling theories and principles;

(3) Section 4 presents our implementation of an evidence-based Brief Motivational Interviewing (BMI) inter-
vention content we adapted for virtual agent delivery;

(4) Section 5 describes our comprehensive taxonomic design framework for virtual agent counselors, including
individual social cues, combinations of individual social cues for systematic active listening behaviors, and
therapeutic environment features;

(5) Section 6 discusses the quantitative evaluation of the VHA from target population who completed the BMI
intervention;

(6) Section 7 explains the data gathering and analysis process that we conducted for the qualitative analysis of
participants’ interviews;

(7) Section 8 presents evaluation results of user responses and thematic findings;

(8) Section 9 discusses the implications of our findings and design recommendations for future virtual counsel-
ing systems;

(9) Section 10 proposes an extended taxonomy of social cues for VHAs;

(10) Section 11 identifies limitations with our study and implications;
(11) Section 12 summarizes our contributions and concludes with future directions.

By demonstrating that virtual agents can deliver complete therapeutic interventions while maintaining user
acceptance, this work provides a foundation for scalable mental health interventions that may reach underserved
populations and supplement traditional therapeutic services.
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2 Related Research

This section defines the concept of virtual health agents as counselor extenders, as it relates to other types
of autonomous agents. It also discusses related research on virtual agents, and introduces brief motivational
interviewing interventions (BMIs) as one of the most effective evidence-based behavior change intervention,
pointing to limitations of text-only BMI digital health interventions.

2.1 Definition of Virtual Health Agents (VHA)

Our work introduces and operationalizes the concept of Virtual Health Agents (VHA), a specialized application
of intelligent virtual agent (IVA) technology [97? ] designed specifically for therapeutic communication and
evidence-based intervention delivery. Drawing from the recent comprehensive taxonomy of socially interactive
agents [105], we extend these autonomous capabilities to encompass clinical roles. As terminology in this field
often varies by discipline, we clarify below how VHAs [98, 176] relate to and diverge from other established agent
concepts. VHAs represent a therapeutic specialization within the broader socially interactive agent research
domain, incorporating elements from the following approaches:

o Intelligent Virtual Agents (IVAs): These serve as the foundational technology for VHAs. IVAs are defined
as interactive digital characters capable of real-time perception, cognition, and action within dynamic
social environments [105]. VHAs extend this foundation by specializing these autonomous capabilities
specifically for the delivery of evidence-based clinical interventions.

e Virtual Humans: Often defined as artificial characters that "look and act like humans but inhabit a
simulated environment" [183], this field frequently emphasizes high-fidelity biological realism [105]. By
focusing on the "agent" rather than the "human" aspect, VHAs emphasize social intelligence and task-specific
support without the necessity of photorealistic simulation.

¢ Embodied Conversational Agents (ECAs): Traditionally described as cartoonlike characters that demon-
strate human-like properties in face-to-face conversation [26], ECAs provide the multimodal framework
for coordinated verbal and non-verbal dialogue. VHAs advance this tradition by integrating these conver-
sational capabilities into high-fidelity 3D environments, ensuring the real-time performance required for
engaging health applications.

o Social Robots: While VHAs share the goal of engaging users on both cognitive and emotional levels to
provide support [105], they are distinguished by their digital nature. Operating within 3D graphics software
rather than physical hardware allows VHAs greater accessibility and scalability for widespread clinical
deployment.

It should be noted that the term Avatars refers to virtual puppets controlled and tele-operated by their users;
they do not require implementation of complex autonomous agency necessary for the implementation of the
autonomous agents mentioned above. Unlike Virtual Health Agents, standard Chatbots and Large Language
Models (LLMs) are typically disembodied, lacking the spatial presence and non-verbal signaling capabilities
afforded by a 3D digital form. For the remainder of this paper, the terms "virtual health agent" and "virtual
agent" are used interchangeably to refer to the 3D-embodied autonomous intelligent agents developed for this
therapeutic context.

2.2 Related Research on Virtual Agents

The development of virtual agents as counselor extenders requires sophisticated coordination between verbal
and nonverbal behaviors to establish therapeutic rapport and maintain user engagement. This section reviews
existing approaches to multimodal behavior generation in virtual agents, with particular focus on active listening
implementations and their application to therapeutic contexts.

ACM Trans. Comput.-Hum. Interact., Vol. 37, No. 4, Article 111. Publication date: August 2018.



Virtual Counselor Extenders: Social Cue Taxonomy, Soft Rooms, and Brief Motivational Interviewing « 111:5

2.2.1 Machine Learning Approaches to Multimodal Coordination. A much cited virtual agent data-driven active
listening system is SimSensei [39]. It integrates multimodal perception with real-time behavioral generation,
and uses a multimodal perception system to detect user non-verbal behaviors, including eye gaze patterns, head
orientation, vocal tone variations, and conversational pauses [150]. These cues are used to drive the interactive
behavior of the virtual agent (for turn-taking, listening feedback, rapport gestures) [104]. However, because
matching the subtlety and timing of human-level nonverbal sensitivity is a very challenging problem, only 27.5%
of participants in an evaluation study “agreed or strongly agreed” that SimSensei correctly sensed their nonverbal
behavior. Furthermore, the system’s listening behaviors is largely reactive, rather than portraying active listening
strategies coordinated with specific therapeutic communication goals.

Recent advances in deep learning have enabled more sophisticated approaches to speech-gesture coordina-
tion, which employ neural networks to achieve temporal synchrony between verbal and nonverbal modalities
[92]. These data-driven approaches learn coordination patterns from large corpora of human interaction data,
potentially capturing subtle relationships that rule-based systems might miss. Speech-driven gesture generation
systems now use deep learning data-driven methods by incorporating representation learning in which nonverbal
models use speech as input to produce gestures as output, as a sequence of 3D coordinates [200]. Similarly for
facial animation, a study demonstrates that machine learning techniques can be used to drive 3D facial animation
by audio input in real time with low latency [83].

While machine learning methods do well at capturing statistical patterns in multimodal data, they face
significant challenges, however, in therapeutic contexts where behavior appropriateness and interpretability at
all times are critical. Current machine learning systems lack the transparency needed for reliable therapeutic
applications, making it difficult to ensure ethically sound, and clinically relevant behaviors. The data requirements
for training therapeutic interaction models, furthermore, represents a significant bottleneck.

2.2.2  Rule-Based Multimodal Behavior Systems. Rule-based approaches, on the other hand, maintain explicit
control over behavior generation, and enable designers to encode specific therapeutic principles. Early work in
coordinated multimodal behavior generation established fundamental principles for virtual agent design: the
Behavior Expression Animation Toolkit (BEAT) [27] provided the first systematic approach to coordinating
speech and gesture through linguistic analysis, using rule-based mappings derived from observational studies of
human conversational behavior. BEAT performed automatic linguistic and contextual analysis of input text to
generate synchronized nonverbal behaviors, including facial expressions, head movements, and hand gestures.

The SAIBA (Situation, Agent, Intention, Behavior, Animation) framework [88] established a three-stage
model for multimodal behavior generation: intent planning, behavior planning, and behavior realization. This
architecture has the advantage of separating high-level communicative goals from low-level animation control,
thereby enabling systematic rule development. Adaptive virtual agents have evolved beyond static response
systems to implement variable behavioral patterns based on real-time user state assessment [12]. The Sensitive
Artificial Listening Agent project, for example, computes listening behaviors that vary according to simulated
agreement states, emotional traits, and interaction history [166].

These rule-based and data-driven foundational systems, however, were developed for general interaction
and lack the specialized behavioral repertoires necessary for effective therapeutic communication. In addition,
because systems using automatic recognition of user’s social cues (e.g. facial expressions) introduce privacy
issues, it is not clear that most users are ready to accept and adopt them in a health-related context, as our study
hints at.

2.2.3  Therapeutic Virtual Agents and Relationship Building. Foundational work on relational agents established
critical principles for long-term human-computer relationships, demonstrating that virtual agents must maintain
consistent personality traits, remember previous interactions, and employ appropriate social relationship models
to sustain engagement over extended periods [16]. Their research identified key factors including social presence,
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trust development, and gradual deepening of relational intimacy as essential components for effective virtual
counseling relationships. However the study was focused on exercise adoption rather than therapeutic inter-
ventions, lacked evidence-based clinical frameworks like Brief Motivational Interviewing, ignored therapeutic
environmental design considerations in which the agent is situated, and was evaluated with users in a non-clinical
context, rather than addressing the complexities of real-world deployment to diverse clinical populations.

Recent therapeutic applications employ reciprocally adaptive behaviors that respond to user emotional states
and modify interaction patterns accordingly [195]. Evaluation in cognitive behavioral therapy (CBT) contexts has
shown that adaptive agents provided enhanced user experience and improved therapeutic effectiveness compared
to non-adaptive agents. However, the study uses CBT as a proof-of-concept without implementing a complete
evidence-based intervention such as Brief Motivational Interviewing, and does not provide comprehensive
analysis of clinical populations’ acceptability and diversity needs.

Recent reviews of the literature on virtual agents [102], and on health-related virtual agent in particular [180],
also revealed that most research on virtual agents has been performed on the verbal behavior categories of speech
or textual output, and on the nonverbal behavior (NVB) categories of the facial expressions, eye gaze, and nodding
head movements sub-categories. We provide details later in this article on how we applied these design principles
to manipulate facial expressions, eye gaze, and nodding head movements that have been shown to provide VHAs’
abilities to simulate rapport [58], relational immediacy behaviors [14], empathic communication [98], and the
ability to listen sensitively [167]. However, whereas these well-studied cues are essential to establish rapport
and communicate empathy, counselors communicate warmth and caring using additional under-studied social
cues, including the visual cues provided by their attire, and their environment design [125, 139, 172]. A study
investigated the impact of a virtual counselor’s environment design features and identified a room with a bench, a
sink, and medical equipment as most appropriate and professional to deliver counseling [138]. Authors, however,
selected these three objects based on objects typically present in Google images of examination rooms rather
than of counselor’s offices. As such, the work does not account for the "soft room" design features that counselors
use to support the psychological and emotional aspects of counseling. Furthermore, the study recruited Amazon
Mechanical Turk crowdsourced workers to evaluate the medical room design, and did not capture the perceptions
of targeted health-afflicted populations in the real world, limiting the applicability of the results to real-world
assessment of virtual agent counselors. Additional related research on VHA literature is provided in Appendix
B Table 18, which we refer to in the following sections on agent social cues. Research methodologies used in
these studies and guidelines from these are also shared to contextualize what has already been presented, and to
illustrate additional opportunities for exploration.

2.2.4 Active Listening, Empathic Behaviors in Virtual Agents. Effective therapeutic virtual agents require sophisti-
cated implementation of three fundamental behavioral categories: active listening behaviors that demonstrate
attentiveness and responsiveness to user communication [127, 151, 192], empathic behaviors that recognize and
appropriately respond to emotional states [46, 49, 56, 77], and immediacy behaviors that reduce psychological
distance and enhance perceived closeness [91, 115, 124].

While these behavioral categories share overlapping characteristics, they serve distinct communicative func-
tions essential for therapeutic rapport and sustained user engagement. Active listening, empathy, and immediacy
all rely on behaviors that signal attention, warmth, and engagement, including eye contact, nodding, responsive
facial expressions, and supportive vocal tone. Active listening centers on accurately tracking content and meaning,
using behaviors such as paraphrasing, clarifying questions, and timed backchannel cues. Empathy focuses on
recognizing and responding to another’s emotional state, using behaviors such as validating expressions, com-
passionate tone, and affective mirroring (a.k.a. parallel empathy). Inmediacy emphasizes reducing psychological
distance through approach behaviors such as forward lean, open posture, close proximity, and expressive warmth.
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Research on virtual agents demonstrates that listening behavior can be generated from features available in
real-time, including understanding of spoken utterances, speech quality, posture shifts, and head movements
[107]. Virtual agents implementing active listening behaviors have been perceived as more trustworthy, friendly,
understanding, and socially attractive, with active listening and reassurance qualities identified as essential for
authentic social behaviors that support engagement [79, 134, 191].

Empathic behaviors in virtual agents refer to the capacity to recognize, understand, and appropriately respond
to user emotional states, encompassing cognitive empathy (understanding emotions) or affective empathy (sharing
or mirroring another person’s emotional state, often through automatic emotional resonance) [136]. Current
state-of-the-art virtual agents simulate affective empathy using mirroring mechanisms that generate affective
resonance with users’ emotional states, using inductive affect-mirroring approaches (e.g., McQuiggan et al’s
parallel empathy) [114, 162]. Cognitive empathy is modeled through user-state inference, intent interpretation,
belief-desire—intention reasoning and theory of mind [142] that enable agents to understand the meaning and
context behind users’ expressions, supported by theory-of-mind-oriented computational models [142], and
on architectures for modeling emotions [18, 21, 108, 132, 153, 197]. Research reveals that agents exhibiting
concurrent verbal and nonverbal empathic behaviors are rated highest on friendliness, warmth, and charisma,
with inconsistency across empathic channels negatively affecting agent perception [15].

The On-Demand Virtual Counselor (ODVIC) system implemented active listening, empathy, and immediacy
through multimodal perception of emotions and head movements, facial expression mimicry, reflective listening
techniques, and continuous nonverbal engagement [98]. The empathic version achieved 31.36% higher intention
to use than the same system delivered with a text-only interface, and 24.77% higher perceived empathy, with
significantly higher ratings for trustworthiness and social presence than a non-empathic agent. Interestingly, a
non-expressive agent was less accepted than a text-only interface, demonstrating that inappropriate multimodal
behaviors can be counterproductive. However, the study was not conducted with clinical population, and did not
investigate whether participants would prefer a system without automatic facial expression recognition.

2.2.5 Addressing Research Gaps. In summary, virtual agent counselor development faces critical research
gaps despite advances in multimodal behavior generation. Current systems lack integrated frameworks that
coordinate asking, explaining, and listening as unified communicative acts for active listening, instead treating
these as separate behaviors. Research has insufficiently investigated nonverbal behavior timing and sequencing
for therapeutic contexts, concentrating on general rather than clinical communication patterns. Additionally,
there’s an absence of design recommendations for a counselor’s office environment as healing space, with
existing research emphasizing medical settings that do not necessarily align with therapeutic office features.
Finally, the field lacks taxonomic descriptions of virtual agent counselors’ single and combined social cues,
hindering systematic knowledge sharing across research labs and interdisciplinary fields. While machine learning
approaches show promise for capturing complex multimodal patterns, they currently lack the interpretability
and controllability required for robust therapeutic applications. Rule-based systems provide the transparency and
explicit behavior control for safe clinical contexts, but existing rule-based frameworks have not been systematically
applied to therapeutic speech act coordination.

Our work addresses these limitations by developing a virtual counseling system that combines evidence-
based interventions, systematic active listening behaviors, and a therapeutic office environment design in a
web-accessible platform. Our approach translates established therapeutic communication principles into specific
nonverbal behaviors for each communicative acts: pairing initial greeting with theory-based proxemics cues,
strategic questioning with supportive gestures, ongoing listening with embodied attention cues, and explaining
with emphasis movements. In addition, we introduce the first therapeutic "soft room" environment specifically
designed for virtual counseling, moving beyond traditional medical examination room metaphors to create a
counselor’s office space that supports emotional safety and therapeutic engagement. The system is evaluated with
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the actual target clinical population (heavy-drinking adults) recruited through real-world online social networks,
providing ecological validity that extends beyond controlled laboratory settings or crowdsourced participant
studies. Our design recommendations are therefore based on evidence from counseling literature, and on findings
derived from use of the system target populations that endorsed our design decisions.

2.3 Brief Motivational Interviewing Interventions

As explained further in Section 4, the virtual agent counselor we implemented delivers a digital evidence-based and
patient-centered brief motivational interviewing intervention (BMI), targeted on alcohol use disorder (AUD). BMIs
are based on Motivational Interviewing (MI) [121], an effective and scalable intervention for a variety of target
behaviors involving changing lifestyle, e.g. alcohol use disorder (AUD), smoking, low vegetable intake, narcotics
use, physical inactivity, non-adherence to treatment, among others [159]. It is a client-centered counseling style
that is directive, and elicits behavior change by helping clients explore ambivalence and resolve it in order to
develop intrinsic motivation to change. MI core principle is to amplify the discrepancy between a person’s goals
and their current behavior, with the idea that increased discrepancy heightens ambivalence, which can ultimately
lead to change when resolved.

Adaptations of MI have bourgeoned to meet the need for motivational interventions that are brief [45], so
that they can not only be used in counseling settings, but also in primary care settings. BMI interventions
integrate MI's communication principles - expressing empathy, developing discrepancy, rolling with resistance,
and enhancing self-efficacy - with core elements of effective brief interventions, including personalized feedback,
change options tailored to level of readiness to change, and supportive guidance. BMIs demonstrate versatility
across settings, functioning both as a standalone treatment (with even five minutes single-session interventions
sometimes matching the efficacy of multiple sessions [8]), and in combination with other approaches including
cognitive-behavioral therapy. Sustained benefits for long-term healthy lifestyles [44, 50], and effectiveness are
supported by meta-analytic evidence [22, 66, 159].

Multiple barriers impede treatment access, including treatment need recognition [168], provider availability
and training [190], geographic proximity, transportation access, cost, insurance coverage, scheduling flexibility,
and stigma [186]. The widespread and escalating prevalence of these behavioral health issues worldwide [135] -
exacerbated by the increasing number of mental health therapists experiencing burnout [23] - compounds the
workforce shortage, creating a vicious cycle.

These barriers disproportionately affect individuals in rural areas and those experiencing poverty - populations
where alcohol abuse prevalence is higher [84, 145]. Rural settings present additional challenges through reduced
anonymity [145, 182], intensifying help-seeking stigma. Moreover, when treatment is accessed, it may not
be evidence-based, creating additional quality care barriers. Indeed, the limited availability of locally trained
personnel in BMI often restricts access to effective interventions for those in need [118]. Strategies to rapidly
expand access to effective behavior change interventions across diverse populations are needed. Despite high
alcohol use prevalence and the existence of effective interventions for AUD, for example, less than 10% of
individuals with AUD in the USA receive any treatment [29].

To address this accessibility and stigma challenges, substantial evidence supports the overall efficacy of
computer-delivered interventions that can extend clinician’s practice as “clinician extenders”, by providing a
way to deliver high-quality, standardized evidence-based versions of screening, evaluation, and brief treatments
[13, 24, 34, 74, 143, 173]. Despite their promise, however, the effectiveness of computer-delivered interventions
hinges on maintaining user engagement and retention - ensuring that individuals remain motivated to interact
with these systems and return for booster sessions, follow-ups, or ongoing lifestyle support as needed. Although
computer-delivered BMIs have shown positive outcomes, their long-term impact is frequently undermined by
high attrition rates, largely driven by users’ low engagement during interactions [143, 189].
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Our work leverages the ability of virtual agents to increase users engagement with computer-delivered
interventions, with the goal to lower attrition rates, and increase long-term impact of computer-delivered
evidence-based self-help behavior change interventions.

3 Theory-driven Virtual Agent Design Methodology

To design our virtual health agent system, we applied theory in three ways: (1) through a model on user’s virtual
agent acceptance (Section 5.1.1) that informed our design and future recommendations; (2) through an existing
taxonomy of single social cues for virtual agents derived from social science literature [51] (Section 3.2); and (3)
through principles of effective counseling gathered via literature search to inform metaphorical design of virtual
health agent counselors and of their office (Section 3.3).

3.1 Virtual Agent Acceptance Model

Considering the multitude of social cues and features that a virtual agent can simulate, it is important to know
which features are relevant or necessary to ensure user’s acceptance of, satisfaction with, and ultimately adoption
of a given technology. To get insights into the impact that various features of our virtual agent counselor system
might have on user’s acceptance, we used the model of Interactively Perceiving and Experiencing Fictional
Characters (I-PEFiC) by Van Vugt et al. [187], developed to inform creators of interactive characters. The model
explains how user Satisfaction (itself an indicator of adoption) is shaped not only by the virtual agent’s design
features, but more importantly, by the user’s perception of these features, emphasizing the need to investigate
virtual agents from the user’s perspective.

[-PEFiC combines engagement theory [87] with the Technology Acceptance Model [37] to predict how design
variables influence users’ acceptance of interactions with virtual agents. This model (shown in Figure 8 of
Appendix C) distinguishes the Agent System - representing the intervention (e.g. quality of the BMI health
content and implementation) - from the Agent Embodiment - with its social cues (e.g. facial similarity, realism).
This separation facilitates focused discussions on the virtual agents’ embodied features apart from the complete
system implementation.

I-PEFiC distinguishes three user experience phases: encode, compare and respond. The encode phase involves
user perception of: (1) the Agent System (a) Ethics perceived as trustworthiness (e.g. helpful vs. snooping), and (b)
Affordances perceived as usefulness and ease of use; (2) the Agent Embodiment (a) Realism perceived as realistic
vs. unrealistic appearance/behavior, and (b) Aesthetics perceived as attractiveness.

In the comparison phase, the user establishes personal Relevance (e.g. the agent is useful) and Valence (e.g.
it’s fun interacting with the agent) toward the virtual agent. The response phase concerns user Engagement,
involving parallel tendencies of Involvement (rapport, empathy) and Distance (antipathy, irritation) toward the
virtual agent.

The model predicts that both Use intentions and Engagement contribute to User Satisfaction: (1) for the Agent
System, Affordances and Ethics are crucial for user Intentions and Engagement; (2) for the Agent Embodiment,
Facial similarity, Aesthetics, and Realism contribute to Engagement, in decreasing order of importance. Embodi-
ment Aesthetics and Facial similarity contribute to Use intentions in interaction with Agent System Affordances,
while Realism does not contribute to Use intentions.

In this work, we discuss how the I-PEFiC model guided us in our choice of social cues and their design.

3.2 Social Cue Definition and Taxonomy

3.2.1 Definition of Social Cues. To describe in details the variety of social cues that our agent displays and
the user’s socio-emotional responses that they trigger, we use definitions of cue, social signal, socio-emotional
response, and social cue from terminology discussed in the Computers As Social Actors (CASA) theory [148],

ACM Trans. Comput.-Hum. Interact., Vol. 37, No. 4, Article 111. Publication date: August 2018.



111:10 - Lisetti, Lunn, Boustani, et al.

which posits that humans automatically apply the same social heuristics used in interpersonal interactions to
computers, as these evoke similar social attributes to those of humans. We provide two examples in Figure 1: a
cue is any design feature of a VHA noticed by the user that provides information (e.g. gender of the voice; a "soft
room" design with pleasing decor and plants); a social signal is the interpretation (conscious or unconscious)
of cues by the user in the form of attribution of mental state or attitudes about the VHA (e.g. attribution of a
biological gender towards the VH; attribution of a safe therapeutic room toward the VHA office); a socio-emotional
response is an emotional, cognitive, or behavioral response of the user toward a VHA that is considered socially
appropriate when directed toward human beings (application of gender homophily toward the VHA; feeling
comfortable in the office); and a social cue is a cue that triggers a socio-emotional response of the user toward the
VHA, i.e. a room design features can be considered as social cues if they trigger socio-emotional responses, such
as feeling comfortable in the room.

3.2.2  Taxonomy of Social Cues. Given the very high

number of the variety of possible combinations of in- Cue
. A . (e.0. VHA's forward leaning --mm - Cue is a Social cue
dividual social cues that contribute to human-human nonverbal behavior)
social interactions within a physical environment - I 4
. . 1
and that can therefore potentially be simulated by a perceived by user N
virtual agent — using these definitions of social cues * !
. . . . 1
in Section 3.2.1, researchers have proposed an empir- Social signal triggers e

ically validated taxonomy of social cues derived from (e.g. perception/encoding of the =————————-(e.g. feeling VHAis very altentive

VHA's active listening behaviors) and listening)
a systematic review and analysis of literature on inter-
personal communication to document agent designs.
Feine et al. [51] classify single social cues at the lowest
level of complexity into taxonomy categories, which
provides a good starting point to accumulate knowl-
edge about agent social cue designs from different Cue PRGN g™ A7 AL
. T . (e.g. "soft room" design)
research laboratories, disciplines and domains, and
different contexts and cultures. I 4
. . . 1
The taxonomy identifies 48 social cues, and these perceived by user '
are organized in four main categories of social cues * :

at the first hierarchical level - visual, verbal, auditory, triggers

and invisible - and ten subcategories at the second
hierarchical level, where each subcategory includes a
set of single social cues. In Section 5 we discuss the
individual social cues we implemented in our agent,
with our design rationale.

It should be noted that this low level description of

Social signal
(e.g. perception/encoding of safe >
therapeutic room toward VHA's
office environment)

Socio-emotional response
(e.g. feeling comforted in
VHA's office environment)

Fig. 1. The emergence of a social reaction towards a cue of
a virtual agent defines a social cue (example adapted from
[51, 126]): when a cue of a virtual health agent (VHA) counselor
is interpreted as a social signal and triggers a socio-emotional

single social cues does not ignore the fact that single
cues do not occur in isolation during social interaction
(e.g. speech needs to be congruent with facial expres-
sions to elicit trust). In Section 5.1.4, we describe how

response, the cue is considered a social cue. The top example
shows the process for a VHA’s forward leaning nonverbal cue;
the bottom example shows the process for a VHA’s "soft room"

design cue.

we combined a collection of these single verbal, non-

verbal, and proxemics social cues to model active listening communication, specifically designed for the context
of delivering counseling for behavior change interventions. In Section 10, we summarize how we extended Feine
et al. [51] original taxonomy (as suggested by its authors), in an effort to assist further systematic accumulation
of detailed and systematic knowledge on the design of virtual agents’s social cues.
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3.3 Human Counselor Metaphor

Applied to the current context of health counseling, the Computers As Social Actors theory [148] predicts that
if virtual agents are designed to provide social cues similar to those of a successful counselor, people will have
similar socio-emotional responses to the ones they would have to a human counselor. Toward that end, we used
metaphorical design which, in the case of agent design, provides information about morphology (e.g. human
form), voice, verbal and nonverbal behavior, and other physical features related to the given context (e.g. clothing,
environmental background) that support the desired metaphor [111].

We used the metaphor of a successful human counselor practicing in an office with adults living in a
Western culture to inspire our design. Our target end-users are English-speaking adults living in the USA, who
engage in heavy drinking (i.e., consuming 5 or more drinks in one sitting at least once in the past year), and are
interested in getting support but not currently receiving services. We conducted reviews of the literature based
on this metaphor, and a similar methodology could be applied to meet the needs of other target population by
surveying literature on how counseling is conducted in other countries to derive relevant social cues and inform
design.

Metaphorical design of a successful therapists is challenging because no precise set of rules exist about what
makes a therapist better than another [28], and individuals can have their own preferences about what is desirable
in a session with a human counselor [78, 144]. While therapeutic working alliance has emerged as an important
variable for successful therapy or counseling - namely, agreement on goals, assignment of task, and development
of bonds [17] - knowledge of the specific therapists’ contributions to the development of the alliance are needed
for the design of virtual agent counselors. We used research on counseling to identify these, which rather than
pointing to personality traits found in the well-known Big5 five-factor model of personality [33], pointed us
instead to therapist’s personal characteristics.

The following personal characteristics of successful counselors have been identified in a review of
therapist characteristics across a variety of therapeutic orientation: warm, friendly, open, interested, experienced,
trustworthy, respectful, confident, flexible, alert, honest, and attentive [2]. These are the characteristics that we
aimed would emerge from the various features we included in our VHA design, so that they are perceived by our
users, and trigger the same socio-emotional responses they would have in a therapy session with a counselor.

The challenge, however, is that having these personal characteristics relies upon the expert use of a large
number of combinations of verbal and nonverbal social cues for effective active listening skills used to establish
and maintain a positive therapeutic alliance. As we discuss in Section 5, these verbal and nonverbal active listening
communication abilities are furthermore combined with the counselor’s appearance, and implicit social cues
embedded in the counselor’s office as a healing place. Across counseling and psychotherapeutic mental health
interventions, the ability for the counselor to provide a comforting environment where the patient can engage
and feel safe is essential [1]. Human counselors develop these characteristics through a complex blend of science
and art [42, 70], creating substantial challenges for virtual agent counselor implementation.

Our approach was aimed at eliciting comfort and familiarity by invoking the user’s mental model of the
VHA'’s abilities based on users’ expectations of the characteristics of a successful therapist mentioned above, by
implementing an evidence-based intervention that the VHA delivers, designing individual cues (e.g. clothing
style, room decor, body language, verbal tone), and combining them to implement well-received VHA’s active
listening behaviors, and a comforting VHA’s office environment.

Our design process is therefore analytical, and theory-driven: the agent’s metaphor is based on social psychology
theoretical models of human counseling communication, evidence-based health interventions, and principles of
human-centered design. In the following Sections 4 and 5, we discuss how we used both established guidelines
and novel agent features for our VHA design based on the human counselor metaphor.
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4 Design of Health Intervention Virtual Agent System

The virtual agent health intervention system, named
eEVA-4AUD, is web-based and requires only a browser Please choose which virtual health

to launch from its URL, ensuring accessibility. The REYIIRIeI0]8 you would like to interact with:
landing page is the Counselor Selection Menu shown
in Figure 2. The agent is embedded in a software sys-
tem that manages the agent’s behaviors and database.

The virtual health agent acts as the main multimodal
user interface, conversing in real time with the user
within its virtual office environment: it speaks and lis-
tens to spoken answers, displays congruent facial ex-
pressions and body gestures, and stores user answers
in a database. It is complemented by traditional Ul
widgets (e.g. menus, buttons, checkboxes, text boxes,
bar graphs) to provide system feedback and facilitate
visualizations when needed, applying well-known us-
ability principles.

In the following, we discuss the complete evidence-
based brief motivational interviewing content imple-
mented in the virtual agent system, and provide an
overview of the main system components with addi-
tions made to increase engagement, including how we ~Fig. 2. Counselor Selection Menu: If the user hovers over on
integrated traditional UI elements to ensure robust- ©°ne virtual agent counselor (VHA) image, a closeup of the VHA
ness, usability, and positive user experience. is shown wi.th its name; v.vhen ’Fhe user c.Iicks on a VHA, the

The detailed design of the virtual agent single and VHA starts interacting in its office (e.g. Fig. 4).
multimodal social cues used to simulate counselor characteristics is discussed in Section 5.

4.1 Content of the Brief Motivational Interviewing Intervention

The health intervention that the agent delivers is based on the structure and verbal content of the Drinker’s
Check-Up (DCU), an evidence-based approach incorporating Motivational Interviewing strategies (see Section 2),
that specifically targets excessive drinking behaviors. We chose the DCU because it is a complete BMI, and we
could therefore engage our target users, over multiple sessions if users wanted, with a helpful health intervention.
The DCU is evidence-based, hence we could safely offer it to a sample of our heavy drinkers target population
because it has been amply validated through hundreds of clinical trials [25]. As discussed in Sections 6, 7 and 8,
conducting the study with a sample of our target population enabled us to gather meaningful impressions from
the types of users we built the system for.

The DCU contains three sequential sections - Assessment, Feedback, and Change Plan - that the user can
complete in one sitting or more:

(1) "Look at your Drinking", where users first share comprehensive drinking information including behavioral
patterns, and family history;

(2) "Get Feedback about your Drinking", where users then receive personalized and empathic feedback high-
lighting risk factors and consequences based on results from standardized assessment measures and the
user’s age and gender group (examples of the UI for the Feedback section are shown in Figure 3);
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(3) "Design an Action Plan to Change", where users work through ambivalence about change via balance
exercises, develop action plans, and establish goals toward change based on their current readiness to
change (the UI that assesses readiness is shown in Figure 4).

At the end it offers an optional printable summary of the tailored feedback information. Importantly, the
DCU maintains the user’s autonomy by not telling them what to do: the user alone decides whether they want
to change their alcohol use. Research demonstrates DCU’s effectiveness, showing 50% reductions in drinking
quantity and frequency over 12 months compared to controls, establishing it as one of two web-based digital
health interventions with the strongest RCT evidence [24, 25].

‘Depression

O Risk for future problems

Dependence

0 Alcohol Related Consequences
s ‘ Your Drinking
‘ Your list of good things and not so good things

Fig. 3. Examples of the user interface of the virtual agent eEVA-4AUD system for the Get Feedback about your Drinking Module.
The virtual agent interaction is complemented on the right side of the user interface (Ul) by traditional Ul elements, e.g. bar
graphs, tables, to add visualizations to the spoken verbal feedback, minimizing user’s memory load with the recognition
rather than recall usability principle.

4.2 Verbal Additions to the Original BMI Intervention and Traditional User Interface Elements

The virtual health agent system we implemented - eEVA-4AUD - uses the VHA to deliver the DCU, with additions
to increase the realism of the counseling session metaphor, user’s engagement and satisfaction. The agent talks
and listens to the user’s spoken utterances, or takes keyboard entries if the user prefers to answer without
speaking out loud. Natural language understanding is limited, and not powered by LLMs that are not yet safe for
deployment of health interventions to vulnerable population, due to potential harmful hallucinations. To render
the conversation more natural than fully scripted interactions, we used keyword pattern matching to enable the
agent to understand partial answers, synonymous terms, or accept slightly different nuanced user’s affirmative
responses, e.g. "yes", "sure", "ok".

We added the following content to the DCU, by combining guidelines we derived from our survey of social
science literature, design principles for virtual agent design discussed in Section 2 [14, 35, 89, 98, 102, 165, 180],
well known design guidelines for user experience [64], usability heuristics [128, 129], and design guidelines
specific to human-Al interaction [6]:
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e a greeting scenario by the VHA to virtually approach the user, similarly to what counselors would do to
welcome patients into their office in a physical setting, to match relevant social norms [6, 85], shown in
Table 1 and Figure 6;

¢ a self-introduction by the VHA explaining that it is a research prototype with some autonomous (albeit
limited) social intelligence, with expertise on delivering an intervention for AUD vetted by the US. National
Institute of Health, to clarify the user’s expectations about what the VHA can do, and how well it can do it
[6];

o traditional graphical UI elements to ensure high usability [129] by (a) providing visibility of system
status (e.g. check boxes that get checked with user’s answers to provide immediate feedback that agent
understood answer), (b) offering flexibility and user control (e.g. check boxes that users can check manually
if they do not want to speak their answers, or if they have difficulties with the speech recognition feature),
(c) facilitating error prevention with a ’go back’ verbal feature, and (d) providing easy to understand
efficiency of use with visualizations of data (e.g. bar graphs, tables); Ul examples are shown in Figure 3.

1 have no interest at all in changing my drinking and I t I'm not interested in changing my drinking right now but I'm considering how I I'm considering cutting back n
Q interested in considering any changes in the future evenif my (O am willing to consider experimenting with different might want to change my (@ on my drinking or not

situation changes. patterns in the future drinking drinking at all,

Fig. 4. Example of eEVA-4AUD Graphical User Interface: The agent chosen from the character menu (cf. Figure 2) loads in
the 3D office environment. The agent goes through the content of the eEVA-4AUD three main sections. This page shows the
agent asking about the user’s readiness to change drinking patterns at the start of "Design an Action Plan to Change" section.
Users answer by speaking in a microphone ('mic icon’ is turned on), or by clicking checkboxes using a mouse if they don’t
want to speak up or have issues with their microphone; the appropriate checkboxes get marked to provide system status
and the user can ask to go back to correct the answer for error prevention; in other sections the user can enter text with a
keyboard. Word pattern matching is used for the agent to understand partial answers. From any screen the user can view My
Progress; access FAQs about the system, or view/update his/her User Profile.
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e an optional tour of the system offered by the VHA on the first encounter, where the VHA explains the
basics of how to interact with it (e.g. turn taking indicated with on/off microphone icon, close captioning)
to provide flexibility and efficiency of use [129];

e addressing the user by the name they chose to provide, to personalize further the interaction with the
VHA [40], and to match relevant social norms [6];

e an explanation upon the resumption of an interrupted session that the VHA remembers the user’s
previous answers, and where they left off in the previous session, to reassure users no information was lost
between sessions;

e verbal acknowledgements and affirmative backchannel responses congruent with nonverbal cues
(see Section 5.1) to portray active listening behaviors, build rapport, validate the user, and manage turn
taking with speaker transitions signaled with on/off microphone icon;

o a farewell scenario after the user has completed all the components of the eEVA-4AUD intervention,
with best wishes moving forward to match relevant social norms [6].

The intervention is therefore a lengthy evidence-based intervention with many steps that users can complete
at their leisure. A sample excerpt of the agent dialog with a user is provided in Table 1, showing the stages of the
intervention and the applied design principles or the relevant BMI feature. Additional technical details on the
implementation of the system are available [19]. Interactional freedom is limited as in the original DCU to ensure
consistent content delivery. Given that users may not interact with every portions of the intervention (as it is
tailored to each user), and that they can stop, repeat or return to sections of the intervention at their leisure, the
interactions between the human and the virtual agent are variable in duration. If the user does not complete a
session within one sitting (as some users did), the system saves the answers; upon returning to the system, the
VHA lets the user know it remembers where they left off their interaction last time, and resumes the interaction
from that point on. In this study, we asked participants to fully complete the three sections of the intervention
within a month.

5 Metaphorical and Taxonomic Design Features for virtual agents as Counselors

To design our virtual agents as counselor extenders within the healthcare ecosystem, we used both existing and
new design guidelines: we used established design guidelines for the most studied social cues, and new guidelines
for under-studied social cues such as VHA’s attire and office environment that we derived from counseling
literature. We provide a very fine-grained comprehensive description of these that is not often provided (see
Section 2), using Feine’s taxonomy of social cues [51] in an effort to systematize and document our design
rationales and their implementation with high level of details to enable research replication and improvements.

To discover how to design visual, verbal, auditory, and invisible social cue features that have been less studied
but necessary for our effective human counselor metaphor, we conducted a survey of the social science literature
on counselors’, psychotherapists’, and clinical psychologists’ social cues, to extract design features that tend to
trigger desired socio-emotional responses in real counseling sessions.

As discussed in Section 3, we aimed to simulate personal characteristics of effective counselors successful
across different types of therapies: namely, warm, friendly, open, interested, experienced, trustworthy, respectful,
confident, flexible, alert, honest, and attentive [2]. Our design choices for individual social cues were made with the
goal that users would perceive them and interpret them as personal characteristics of the virtual agent counselors,
and in turn trigger similar socio-emotional responses to those they would have in a therapy session with a human
counselor.

In the following subsections, we detail our choice for every single social cue, and combinations of, that we
included in our VHA design with a rationale for our choices, using the terminology, definitions, and examples
provided in Feine’s et al. taxonomy of social cues [51]:
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Speaker Dialog Excerpt Health Intervention Sec- Design Principle or BMI fea-
tion ture

Agent: - Hello, my name is Luke, a virtual agent designed to talk to you = Greeting - Make clear what the system

about your health. Welcome Joe! can do & Match relevant social
norms & User name to person-
alize intervention
- Ido not have full human social intelligence, but I can be useful as =~ Self-introduction - Make clear how well the sys-
a clinician extender by delivering a brief health intervention vetted tem can do what it can
by the National Institute of Health about alcohol use disorder.
- Is it OK if I ask you a few questions about your drinking, Joe? Asking for permission to move | - Respect autonomy, build ther-
to next section apeutic alliance
User: [ - Yes, go ahead.
Agent: - It’s a good decision Joe to take a look at your drinking. Did you = Look at your Drinking - Praise, build motivation
ever in your life felt bad about yourself because of your drinking?
User: ‘ Actually, yes I have. ‘

Agent: - Isee. - Acknowledge, build thera-
peutic alliance with active lis-
tening (verbal & nonverbal)

- And in the last 3 months, how often has it happened: never, once
or a few times, once or twice a week, or daily or almost daily?
User: | - Well, once or twice. |
Agent: -Okay, thanks. - Acknowledge, thank, build

Multiple turns

... [Agent continues to ask questions for user to answer]. . .

therapeutic alliance with ac-
tive listening (verbal & nonver-
bal)

Multiple turns

It can be surprising and (for some) discouraging to see that they
fall higher on the alcohol use scale than they expected. Some peo-
ple think there might be some mistake in the way results were
calculated. Feel free to review your answers. Also, it is not uncom-
mon for people to socialize with others who drink the same as - or
more - than they do. Think about which (if any) of these reactions
applies to you...

... [Agent continues to ask questions for user to answer]. . .

Asking for permission to move
to next section

Agent: Very good, you have now completed the Look at your Drinking - Praise, acknowledge progress
session.
Is it OK if I give you feedback about your drinking, Joe? Asking for permission to move | - Respect autonomy, build ther-

to next section apeutic alliance

User: [ Yes please. [

Agent: The number of standard drinks you consume in a typical week is | Get Feedback about your | - Provide tailored normative
58, which means that you drink more than 97% of American males. | Drinking feedback.
Is this number lower than you expected, higher, or about what
you expected?

User: ‘ Wow, it’s much higher! ‘

Agent: Oh, I see. - Acknowledge, build thera-

peutic alliance with active lis-
tening (verbal & nonverbal)

- Empathic feedback acknowl-
edges user’s potential emo-
tions

Agent:

User:

Agent:

Before we consider what, if anything, you might choose to do
about your drinking, Joe, it would be helpful to know how ready
you are to change. Please choose from the following options (see
options shown in Fig. 4).

I have no interest at all in changing my drinking and I'm not
interested in considering any changes in the future even if my
situation changes.

It is certainly your decision to change or not to change your drink-
ing. Before you leave, would you like to see how others who are
thinking about changing go from here? [interaction continues]

Design an Action Plan to
Change

- Determine readiness to
change

- Build intrinsic motivation vs.
external compliance, reduce re-
sistance, respect autonomy

Table 1. Excerpts from agent’s dialog with a participant (column 2) for each Brief Motivational Interviewing (BMI) intervention

section (column 3), along with associated virtual agent design principles, or BMI features (column 4).
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(1) in Section 5.1 we discuss Visual social cues we implemented, which refer to cues that can be visually
perceptible (except words themselves);

(a) in Section 5.1.1 we discuss visual Appearance single social cues we implemented, which refer to an
agent’s graphical representation;

(b) in Section 5.1.2 we discuss visual Kinesics single social cues we implemented, which refer to all body
movements of the agent;

(c) in Section 5.1.3 we discuss the visual Proxemics single social cues we implemented, which refer to the
role of space, distance, and territory in communication;

(d) in Section 5.1.4 we discuss how we combined Kinesics and Proxemics single social cues to model
Multimodal active listening behaviors;

(e) in Section 5.1.5 we discuss the visual Computer-Mediated Cues (CMC) single social cues we im-
plemented, which refer to visual elements that can augment or modify the meaning of a text-based
message;

(2) in Section 5.2 we discuss the Auditory social cues we implemented, which refer to cues that can be heard;

(3) in Section 5.3 we discuss the Invisible single social cues we implemented, which refer to cues that cannot
be seen or heard

(4) Verbal social cues, which refer to cues expressed with written or spoken words;

In Section 10, we discuss how we extended this taxonomy for future VHA designs.

5.1 Design Features for Visual Social Cues

According to Feine et al’s [51] taxonomy that we use to describe our virtual agent [51], Visual cues refer to cues
that can be seen (except written words themselves). Individual cues within this category are categorized into the
following sub-categories of visual cues: Agent Appearance, Kinesics, Proxemics, and Computer-Mediated
Communication (CMC). Each of these sub-categories includes multiple single cues, which we expanded upon
(see Section 10).

In the following subsections, we describe each of the Visual social cues that we implemented in our agent,
using Feine et al’ [51] taxonomy terminology and definitions, and literature-informed rationale for our design
choices.

5.1.1 Design Features for Visual Appearance Cues. The visual Appearance social cues are broken down into 10
single cues: 2D/3D, (degree of) human-likeness, (photo) realism, facial feature, attractiveness, age, gender, and
color/race demographics, clothing, and name tags. In what follows, we specify how we implemented each of
these Appearance cues, based on literature-informed decisions.

2D/3D Social Cue. The 2D/3D social cue refers to the 2D/3D agent appearance as the agent being displayed in
either 2D or 3D, e.g. 2-dimensional agent, or 3-dimensional agent.

Virtual agents’ appearance can be achieved via multiple modalities, ranging from graphical 2-dimensional (2D)
line-drawn cartoon- or comic-like characters, to virtual 3D graphics animated characters rendered in realtime
during interactions. As pointed out in a recent review of the literature [180], most current agents for the health
domain have been implemented as stylized cartoon- or comic-like two-dimensional (2D) characters (referred to
as embodied conversational agents rather than virtual agents because of their 2D rather than 3D embodiment, as
discussed in Section 2), with a few exceptions that have leveraged the 3D nature of virtual agents [39, 98, 147].

From a human-centered design perspective, however, compared to 2D graphics, objects in 3D graphics have
been found to significantly increase three important aspects for their users [199]: usability, in terms of user
satisfaction and decision confidence; positive overall user experience (UX), in terms of perceived ease of use and
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usefulness; and sense of presence, in terms of the subjective sense of being involved with the digital environment
[154].

Since 3D graphics increase positive UX and usability (which include easy of use and usefulness) compared
to 2D, and since the I-PEFiC model predicts that perceived ease of use and usefulness are strong predictors of
use intentions, we designed our characters using 3D graphics, shown in Figures 2, 4, 5, 6. We also designed the
environment in which they evolve using 3D graphics to increase the user’s sense of presence with agent in its
office environment (see Section 5.1.3).

Humanlikeness Social Cue. The de-
gree of human-likeness social cue is de-
fined as the appearance of the agent that
ranges from a natural human form to the
shape of a cartoon or artificial object, e.g.,
the virtual agent has a human-like, object-
like, animal-like, or robotic-like appear-
ance. Agents’ appearance that represents
best the live humans they aim to simulate
have been found of high value in research
on the impact of virtual agents’ role [10].
Given that we used the metaphor of hu-
man counselor for adults, we designed our
VHAs to be humanlike.

Realism Social Cue. Realism (referred
to as Photo-realism in the original taxon-
omy) is defined as the appearance of the
agent that ranges from an extremely photo-
realistic appearance to a comic appearance,
e.g. real photo of a human being, a comic
figure.

Since the I-PEFiC model predicts that the
level realism of the agent’s embodiment
contributes to users’ engagement with the
virtual agent (see Section 5.1.1), and since
one of our main goals is to increase engage-
ment with digital health interventions, we
took careful consideration of the realism
of our characters. As we discuss below, re-
alism levels vary from low (cartoon-like)
to photoreal, so we renamed the "photo-
realism’ social cue to 'realism’ to facilitate
a discussion on the possiblle levels of re-
alism. Research on the influence of char-
acters’ realism on users’ experience in the
education domain found that users learned better with realistic pedagogical agents versus cartoon-like ones [10].

However, the uncanny valley hypothesis [123] postulates that users’ response to a humanlike virtual agent
abruptly shifts from empathyto revulsion, or eeriness, if it tries to portray a lifelike appearance but fails. Researchers,

Fig. 5. Examples of virtual agent counselor’s appearance cues, and of three
facial expressions, left to right: neutral, happy/smile, concerned. The menu
of counselors shown in Figures 2 uses the (middle) smile expressions to first
show the agents, along with their name.
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therefore, search for realism levels that avoid the uncanny valley. Rapid progress in photorealistic 3D graphics
rendering has made it possible to generate characters that, on a 2D digital display, cannot be distinguished from
a human being [75, 110]. One study revealed that participants had high affinity with photorealistic characters,
but only if they thought these were controlled by a human; if controlled by an autonomous artificial agent,
participants found that a perfect human form would “creep you out,” “be more spooky, and confuse them because
they would not be able to distinguish whether the face is that of a human, or of an artificial agent [169].

Our goal was to provide users with 3D characters rendered realistically enough to trigger users’ mental model
of a human counselor, while avoiding confusing users about whether they were interacting with a real human or
a digital one. We therefore designed realistic characters that are purposely not photorealistic, shown in Figures
2,5, 6, and 4. To help accumulation of systematic knowledge on virtual agent design, we also document our
rendering style as closest to the HumanBasic realism level using McDonnell’s 10-item realism scale [110]: the
style is skin-textured and uses card-based hair, but does not use subsurface scattering, nor advanced effects
for rendering hair and eyes. In Section 10, we provide the 10-item realism scale that can be implemented and
rendered, scale that can be expanded upon based on computer graphics progress.

Facial feature Social Cue. The facial feature cue is the static and non-changing characteristics of the agent’s
face, e.g. static smile of agent.

In our virtual counseling application, static images are used to introduce the entire collection of 25 VHAs to
the user, in the first screen after login in, where they are asked to select the VHA they want to interact with
(see Figure 2, and the middle image in Figure 5). To give a positive first impression, they are shown with a static
positive facial expression - a slight smile - rather than a neutral expression.

Camera Angle / Viewing Angle. In order to account for the viewing angle of the facial feature, we added
another social cue to Appearance in the taxonomy, which we define as the horizontal and vertical angle from
which the virtual counselor’s face is presented in the initial view . In our study, the static images used to introduce
the 25 VHAS to the user portray a full frontal (0°) direct face-on view.

Attractiveness Social Cue. The attractiveness cue is defined as the visual characteristics of the agent perceived
as being pleasing or beautiful, e.g. symmetrical face of the agent.

Although rarely studied, therapists’ attractiveness can have an impact on aspects of the therapy, e.g., clients tend
to disclose more to attractive therapists [63]. Findings suggest that adults with strong rural identities demonstrated
more positive impressions of virtual agent attractiveness. For these patients, optimizing virtual agent clinician
appearance is critical when tailoring cancer prevention intervention [32]. Furthermore, the I-PEFiC model predicts
that attractiveness, perceived as the aesthetic quality of the virtual agent, in turns significantly impact user
engagement, and satisfaction.

We therefore aimed for our VHAS to be relatively attractive. Face attractiveness perception has been found to
be influenced by facial symmetry, and averageness for both sexes of face characteristics [106]. All characters’ faces
were designed with symmetry, and averageness for both sexes, and shown in Figures 2, and 5. While our current
designs are based on average perceptions of attractiveness in contemporary Western societies, it is important to
note that attractiveness is subjective, era- and culture- dependent. Furthermore, although attractiveness also
has dynamic properties, we did not take these into account in this study, apart from designing dynamic facial
expressions that are also symmetric.

Demographics Social Cues. We discuss together the several appearance social cues related perceived to
demographics identified and defined in Feine et al’s taxonomy [51]. The age social cue is described as the biological
age of the appearance of the agent, such as old agent visualization (e.g., grey hair), young agent visualization (e.g.,
shiny skin, full hair), the gender social cue, is described as whether the agent is perceived as belonging to either one
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of the two sexes (male, female) or it is ambiguous; and the color social cue is described as the overall color of the
appearance of the agent, e.g. white, black, or pink.

Gender, age, and race can be communicated by visual appearance attributes (as well as by its voice, discussed
later). Whereas race has been considered a social construct based on stereotypes of physical attributes and on
labels which are often treated as distinct, race variability and overlap do exist in a population [80], as well as for
gender identity, ethnicity, and age [90, 101].

Given that the homophily principle posits that similarity breeds connection and influences closeness in human
relationships [113], it is an important concept in our healthcare context. Research in social psychology indicated
that humans are more influenced by someone belonging to their demographic group [11]. In the counseling and
behavior change healthcare context, teenagers envisioning a VHAs to assist their weight management indicated
that they wanted virtual agents that they could identify with physically, emotionally, and ethnically or culturally
[94]. Robertson et al. [152]’s study on an eCoach for colon cancer, also found that the VHAs’ demographic
appearance (e.g. gender, race, age) should align with the target user population’s demographics. A recent survey
of virtual agents found, however, that the virtual agents used in the literature lacked in diversity in terms of
characteristics associated with gender, age, and race (or skin color), with 67% of virtual agents (out of 48 surveyed)
being white-skinned [102].

Furthermore, in addition to the need for diverse healthcare personnel pointed to by the social science literature
mentioned, the theoretical I-PEFiC model predicts that (facial) similarity influences use intentions. Given that
our virtual agents are intended for adults living in the US, and that the diversity index in the US was 61.1% in
2020 per the US Census Bureau [185] - i.e. there is a 61.1% chance that two people chosen at random will be from
different racial and ethnic groups - we aimed at providing users with a choice of diverse VHAs, and to determine
whether they appreciated being given that choice.

While we did not seek to make absolute claims about how users would interpret the VHAs’ demographic
features by labeling our agents as belonging to a specific racial or ethnic group, we did strive to create the visually
unique set of 25 unique VHAs shown in Figure 2, and Figure 5 closeups. The VHAs are morphologically diverse
in terms of varying characteristics that are typically used to differentiate race, gender, and age. We iterated with
our graphics team by manipulating jawline, eyebrows, nose, lips, complexion, cheeks, eyes, hair style, and age
features. We tried to create unique characters by simulating a mix of morphological features that users might
perceive as potentially having their own demographic identity. While we did not try to portray all categories used
by the current US Census bureau (namely, American Indian/Alaska Native, Asian, Black or African American,
Native Hawaiian/Pacific Islander, and Caucasian/White) due to lack of resources, we did try to portray American
Indian, Asian, Black or African American, and Caucasian/White. We also tried to portray female and male sexes,
and a range of ages ranging from Adult (26-39), Middle-Aged (40-64) to Older Adult (> 64 year-old) (see Figure 2).

Clothing Social Cue. Clothing is described as the items that the agent wears, such as clothes and trousers, to
cover, protect, or decorate its body.

Clothing can heavily influence first impressions by communicating information and messages conveyed by
attire. Impression-formation theory postulates that clothing has a clear influence on the traits attributed to the
people one meets. A study illustrated that, based on the counselor’s clothing, clients formed initial impressions
of counselors in terms of caring, authenticity, competence, and trustworthiness, and tended to agree more with the
information provided based on the counselor’s clothing [68, 161]. Importantly, first impressions of a counselor’s
attire can affect the development of dyadic rapport [53], and the impressions during initial encounter often
determines whether a client chooses to return and decides to remain in treatment [36]. In another study about
counselors’ clothing, both male and female clients preferred a moderate style of attire, neither too formal nor
too casual, i.e. business casual. When asked to choose a counselor that the client would most likely want to see,
81% of the clients chose the ones wearing a moderate forms of attire: they gravitated towards male counselors
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wearing a shirt, tie, and slacks, or shirt and slacks; and female counselors wearing a dress, or blouse and slacks
[68].

Within our theoretical framework, clothing relates to the embodiment aesthetic and realism, which have
both been shown to influence engagement (see Section 5.1.1) and is important for our goal of increasing user
engagement with digital health interventions. As suggested in the literature for caring, authentic, competent, and
trustworthy human counselors, we therefore designed VHAS’ attire as neither too formal nor too casual
attire, i.e., business casual: female-looking VHAs therefore either wear a dress, a blouse (with or without a
casual jacket) and slacks, or a skirt with a sleek sweater; and male-looking VHAs wear slacks, with either a
shirt, with or without a tie, and with or without an informal jacket (see examples in Figures 2, 4, and 6). We note
that clothing (and hair styles) are subjectively attractive, era- and culture-dependent, and that we designed for
contemporary Western[-ized] populations.

Name tag Social Cue. The name tag refers to a tag or badge with the name of the agent.

Research on how design features for web-based health promotion programs that promote immediacy suggest
using the provider’s name, when interacting with them to personalize communication (and the same is true about
using the user’s name) [86]. We therefore gave a name for each agent. In our design, users could view the VHA
names when they hovered over the character’s facial image in the character choice menu (shown in Fig. 2).

5.1.2  Design Features for Visual Kinesics Social Cues. According to Feine et al. taxonomy we use to describe
our virtual agent [51], Kinesics social cues belong to the main Visual main category of social cues, and refer to all
body movements of the agent.

The visual Kinesics cues are broken down into 5 single social cues: facial expression, head movement, eye
movement, arm and hand gesture, and posture shift. In what follows, we specify how we implemented each of
these social kinesics cues, based on literature-informed decisions, and on a observational study of a video corpus
of counselor-patient MI sessions.

With the goal to emulate a counselor delivering a BMI, we first videotaped sessions between a live counselor
and a client. Then, a clinical expert reviewed the videotapes to code verbal reflections and NVBs. From these
observations, the expert generated a set of rules for basal behaviors of the VHA, associating speech acts to
different combinations of facial expressions, head nods, eye movement, posture shifts, arm and hand gestures.
Five hand gestures congruent with facial expressions and speech acts, including head nods, forward leans were
derived from the clinical expert’s rules.

In Section 5.1.4, we discuss how we combined these kinesics single social cues with proxemics single social
cues to create a multimodal model of communicate acts, specially appropriate for counseling.

Facial expression Social Cue. Facial Expression is defined as the expression of gesture by executing one or
more motions with its facial muscles [51].

The face represents one of the most important modalities in human social communication [5, 99]. Therapists’
high facial expressiveness, involving a composite of nods, frowns, and smiles, can express encouragement, and
has been associated with liking, better patient health outcomes, and less patient confusion [4, 70, 109, 151].
Therapists’ micro facial expressions in the first session have an impact on the relationship with patients [117].

Because the Facial Action Coding System (FACS) [48] (discussed below) has been used to assess therapists’
abilities to recognize or display facial expressions at the level of FACS action units [70, 117], it is important for
VHAs to be able to display FACS-based facial expressions:

e Facial Action Coding System (FACS). FACS classifies all visible facial and head movements observed in the
human face and head by defining the smallest possible group of muscles that can cause facial or head
movement independently as an action unit (AU), with seven levels of intensities. FACS makes it possible to
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understand how human facial and neck muscles generate different subtle expressions and movements. AUs
are numbered arbitrarily [AU1 - AU66], e.g., AU1 corresponds to the inner brow raiser muscle.

e FACS-based Action Units. Based on the counseling literature pointing to the need for FACS-based facial
expressions, we designed VHAs able to procedurally render the 65 facial action units using head and neck
movements identified in FACS [47], with their seven intensities. In our design, blendshapes were created
for each individual FACS AUs, which can be combined to create a large number of expression animations
that can be rendered on the web. Because the VHAs facial animations were developed with custom-made
blendshapes for each AU, the resulting animations allows for fine-grained procedural control over the VH’s
facial actions. The realism for the AU animations portrayed by each of our VHAs were evaluated by two
FACS-certified experts. Their evaluation was conducted using a website created to display the agent in a
neutral background and allow the activation of a single AU at a time. FACS experts were asked to identify
which AU the VHA appeared to be portraying, rate the quality of the animation on a 5-point Likert scale
(from “very poor” to “very well”), and to provide open-ended feedback. Based on the comments and scores
received, the agents’ AUs were iteratively improved until validated by the experts to ensure realism relative
to a human portraying the same AU. The ability to specify which AUs are activated with what intensity to
generate a VHA’s facial or head animations facilitates systematic accumulation of knowledge, and future
designs of VHAS’ conversational cues.

o FACS-based Facial Expressions. VHAs should be perceived as non-judgmental, yet facially expressive. Toward
that end we used three facial expressions found most relevant in counseling, according to the literature
discussed above: neutral, smile, and concern expressions (a variation of sadness), shown in Fig. 5 and
described in Table 2. The display of these expressions should be context-dependent. For example, if the
user’s answers about their drinking behaviors indicate that they are at-risk of severe consequences, smiling
could be perceived as validation of the risky behaviors. In our current intervention, the VHA therefore
displays a concerned expression, rather than a harsher negative expression, which would not support the
non-judgmental counselor metaphor we aimed for. Furthermore, since counseling does not advocate for
strong negative emotions, we activated mild concerned expression facial expressions at 50% intensity (cf.
Fig. 5). Because MI counseling literature does not advocate for extreme emotions [121], we only activated
positive facial expressions at 70% intensity. We discuss how we combined multiple facial expressions into a
context-based multimodal model of active listening behaviors in Section 5.1.4.

Table 2. FACS-based description of Action Units used to generate facial expressions shown in Figure 5 and head movements
for virtual agent counselors.

Counselor’s Facial Expressions = Activated Action Units (AUs) AU Intensities
Blinks ‘ 45 (blink) (15-20/min. randomly) 100%

Neutral none none

Smile ‘ 6 (cheek raiser), 12 (lip corner puller) | 70%

Concern 1 (inner brow raiser), 50%

2 (outer brow raiser) 4 (brow lowerer),

5 (upper lid raiser) , 7 (lid tightener)

Nod ‘ 54 (head down), 64 (eyes down) 100%
Positive nod smile & nod 70% & 100%
Negative nod ‘ concern & nod 50% & 100%
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o Blinks. Given that 3D VHAs simulate conversations in realtime, the VHAs should blink using Action Unit
45, on an ongoing basis at the random rate of 15-20 blinks per minute, similarly to humans.

Head movement Social Cue. We also used head nod animations as in previous literature for VHAs to establish
rapport and working alliance [16, 58].

We included head nods in VHA design that are critical for maintaining rapport and for empathic active listening
in counseling [3]. We designed three different head nods for context-dependent communication, by combining
them with different facial expressions. These different nods are displayed based on the dialog current context,
e.g. using an at-risk score calculated from the user’s verbal responses to the VHA questions: different facial
expressions nuance the message of the nod based on context (see Tables 2 and 3). We discuss how we combined
multiple single social cues into a multimodal model of active listening behaviors in Section 5.1.4.

Eye movement Social Cue. The eye movement cue is defined as the agent moves its eyes to intentionally or
unintentionally fixate or track objects. A study found that more time spent looking at medical chart lead to less
patient satisfaction, whereas greater percent of time the clinician looks at patient was associated with greater
patient satisfaction [70]. Our VHAs blink at a realistic rate (see Table 2), gaze toward the user when greeting, and
maintain eye contact.

Arm and hand gesture Social Cue. The arm and hand gesture cue is defined as the agent moves its arm
or hand. To address the prior limitations of VHAs which mostly modeled nonverbal cues in the categories of
facial expressions, eye gaze, and nodding head movements (see Section 2), we created VHAs with fully rigged
bodies. Our VHA body rig enabled us to create animations for arm and hand gestures relevant to counseling,
including four single social cues: resting, formless flick, 2-handed flip, and 2-handed contrast, identified in Table 3,
and shown in Figure 6. These hand gestures were then combined with other social cues to create a multimodal
model of active listening social cues, discussed in Section 5.1.4, and shown in Figure 6 on page 26. These cues are
added to the taxonomy in Table 10.

Additional new Kinesics social cues. As discussed in more details in Section 10, in our extension of the
taxonomy we renamed or added the following Kinesics social cues, or values they can assume, to the original
taxonomy because based on our literature survey, they are necessary for therapeutic communication, and we
implemented them:

e Viseme movement Social Cue: we add the Viseme movement social cue that we defined as the agent
moves its mouth and face to match spoken words, e.g., lip-synchronization during speech production. We
map visemes to phonemes of the English language, to achieve realistic lip synchronization. This is an
important social cue as a study revealed that users stop looking at a virtual agent that did not have lip
synchronization which was found too disturbing for its users to continue looking at it during conversations
[194].

e Leg movement Social Cue: our agent can stand up from its sitting position, walk to greet the user to
respect social norms [85], and sit-down (see Figure 6 and Section 5.1.3). So we added a Leg movement social
cue that we defined as the agent moves its legs with three single social cue values: sit-to-stand, walk, and
stand-to-sit;

o Posture shift Social Cue: the Posture shift cue defined as the agent moves its upper or lower body include
the social cues values we added: twist, breathe, lean forward, and lean back movements. Our agents simulate
breathing with subtle up and down movements of the torso, can twist their torso before sitting down, lean
forward to portray attentiveness and back.

5.1.3  Design Features for Visual Proxemics Social Cues. According to Feine et al” taxonomy we use to describe
our virtual agent [51], visual Proxemics cues refer to the role of space, distance, and territory in communication. It
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includes two subcategories of cues: background and conversational distance. The proxemics social cue subcategory
was found to be largely underrepresented. As we explain below, the background or environment in which an
agent evolves represents an important social cue that can be designed to provide a therapeutic environment
where users feel comforted and safe to disclose personal health information.

In what follows, we describe each of the visual Proxemics cues that we implemented in our agent, using Feine
et al’ [51] taxonomy terminology and definitions, and literature-informed rationale for our design choices.

Background/Environment Social Cue. The background is defined as the picture, scene, or design around the
agent [that] forms a setting for the interaction.

Although the taxonomy uses the term ’background” which can be a 2D background image, we renamed it
to ’Environment’ to account for the 3-dimensional nature of virtual agents’ surroundings that they inhabit. As
mentioned earlier in our discussion of the 2D/3D appearance social cue, 3D graphics tend to increase sense of
presence (in addition to usability and positive UX).

The physical environment of the therapy room can indeed play an important role in clients feeling comfortable
and able to engage [172]. A counselor’s office should be a healing place which serves two functions [1]: (1)
establish the role and prestige of the therapist in the client’s mind in their expectations of the help to be received;
and (2) provide a safe and comfortable place. Appearance and design include the layout of the room, which should
convey expectations about what will happen in the room. Rooms used for therapy or counseling, therefore,
should not use beds traditionally found in general physicians’ offices or hospitals, but rather provide a ‘homely’
feel [125]. Rooms with a clinical appearance were described as unhelpful.

"Soft rooms" - with plants, art posters, a decorative rug, and a padded armchair - were found to increase
disclosure and to be perceived as socially attractive [125]. Indoor plants are considered stress-reducing, and can
improve tolerance to pain [139]. Views of nature or a garden was also seen as beneficial to health outcomes
[146, 163, 184]. Order and neatness appeared to affect the patients experience and their perception of therapist’s
expertness, trustworthiness, and social attractiveness [125]. The visual appearance of diplomas and awards in the
counselor’s office had a major impact on the client’s initial perception of the counselor’s credibility and expertness
[71], which in turn influences client behaviors and attitudes [1]. Other features that emerged from the surveyed
literature were preferences for a larger work space; warm, welcoming, non-formal, and aesthetically pleasing
decor; natural light; and ample options for clients to sit [139].

Furthermore, the I-PEFiC model predicts that aesthetics of the agent embodiment is perceived by users and
significantly impact user engagement, and satisfaction. We therefore extended the aesthetics design concept
to the design of the 3D virtual agent’s environment as well. Since VHAs aim to elicit users’ socio-emotional
responses similar to those just discussed about a counselor’s office, we included most of the objects identified
above. We also added bookcases with books to support the metaphor of a counseling expert, a vase with flowers
on a credenza to add warmth as a natural element. The resulting office is based on the counselor’s “soft room”
office metaphor and is shown in Figures 4, and 6. The complete list of furniture and objects we included is also
listed in Table 14 on page 47.

Conversational Distance Social Cue. Conversational distance is defined as the spatial separation between
the agent and its environment during a conversation.

Interpersonal distance is a type of non-verbal communication which affects the relationships, including between
patients and clinicians. Interactions typically occur in personal sphere (1.5-4ft) or the social sphere (4-12ft).
While optimal conversational distance is context- and culture-dependent [174], Hall’s foundational work [60-62]
established the "personal zone" to be typically reserved for friends and close acquaintances. In the context of
healthcare and therapy, studies demonstrate that close distances can amplify interpersonal liking and facilitate
collaborative performance (except in some special cases such as Eye Movement Desensitization and Reprocessing
(EMDR) requiring side positioning for safety). Research indicates that physicians spending more time in the
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personal sphere within three feet of the patient (i.e. 1.4-4ft) led elderly patients to comprehend instructions better
[70].

The I-PEFiC model predicts that user engagement affects satisfaction with two main users responses: involve-
ment (e.g. affective approach, rapport) and distance (e.g. affective avoidance, boredom). Hence, in an effort to
increase engagement with positive involvement, we designed our VHAs to deliver the intervention sitting in
front the user at eye level, at the equivalent of the personal sphere, as shown in Figures 4 and 6. The VHAs adopt
a seated posture matching the user’s position to maintain consistent eye level and interpersonal orientation
throughout the interaction. Because research provides evidence that greeting contributes to establishing rapport
and respecting social norms [85], we added a greeting scenario in which the conversational distance cue varies
from the social sphere to the personal sphere, by combining kinesics and proxemics social cues, as described
below.

5.1.4 Combining Verbal, Kinesics and Proxemics Social Cues to Model Multimodal Active Listening and
Greeting Behaviors. Given the importance of active listening verbal and nonverbal behaviors in counseling, and
of greeting scenario rituals (in most social interactions), we combined a variety of verbal, kinesics and proxemics
social cues to create a multimodal model of communicative acts specifically relevant in the context of counseling
and healthcare.

Active Listening. Our virtual counseling agent implements a coordinated system of rule-based empathic
responses and active listening behaviors that operates through structured mappings between user’s verbal
responses, and both verbal and nonverbal therapeutic agent’s communication. We aimed at modeling human
counselors’ interplay of nonverbal behaviors coordinated with the verbal behaviors discussed in Sections 4.1 and
4.2. Rather than attempting to infer emotional states through agent’s interpretation of users’ facial expressions
which can raise privacy issues for the general public, or automatic emotion recognition which to date do not
sufficiently take account the context of the interaction to be reliable [57], our agent employs contextually
appropriate empathic responses, coordinated with systematic nonverbal behaviors that align with therapeutic
communication principles.

The system’s active listening capabilities are operationalized through five coordinated speech acts: greeting,
asking, listening, explaining, and farewell, each mapped to specific nonverbal behaviors as detailed in Table
3, and shown in visual example is shown in Figure 6.

In the asking mode, the agent uses a single-hand formless flick gesture synchronized with its spoken utterances.
In the listening mode, the agent leans forward to demonstrate attentive engagement and employs three types of
expressive nods (neutral, positive, concerned) based on the user’s response content and inferences made by the
agent, sometimes followed by minimal acknowledgements (e.g. 'OK’, "I see’). In the explanation mode, the agent
employs two-handed flip and contrast gestures to emphasize therapeutic content, while single-hand formless
flick gestures in the asking mode create appropriate psychological space for user reflection and response. More
details on the verbal content of the interaction are discussed in Section 5.4. At all times, the VHAs maintains
mutual eye gaze, direct body orientation, uncrossed arms and legs, ongoing breathing movements with slight
up-down movements of the torso, a blinking rate of 15-20 blinks per minute randomly, and lip synchronization
based on phoneme-viseme matching.

This evidence-based approach ensures that nonverbal behaviors are grounded in actual therapeutic practice
rather than computational assumptions about appropriate behavior. The agent’s empathic responses utilize
predetermined mappings between user responses about drinking patterns and clinically informed empathic
language, while synchronized nonverbal behaviors reinforce the therapeutic communication intent. Each speech
act serves distinct therapeutic functions: greeting establishes welcoming and respectful environment, asking
creates space for disclosure, listening demonstrates engagement, explaining conveys knowledge with competence,
and farewell provides positive reinforcement for completion, and adheres to social norms.
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Asking

Fig. 6. Visual example of virtual agent counselor’s model of nonverbal communication: Top shows greeting scenario varying
social distance (see Sec. 5.1.3), Bottom shows active listening communication combining speech acts with gestures (see Sec.
5.1.2). Details of communicative acts are shown in Table 3.

While this approach lacks the dynamic emotional inference capabilities of systems like ODVIC [98] or SimSensei
[39], it offers the advantage of clinical reliability through evidence-based therapeutic communication protocols
derived from actual counselor-client interactions. The coordination between verbal empathic responses and
nonverbal active listening behaviors creates a multimodal therapeutic interaction that is both contextually
appropriate and therapeutically sound, prioritizing clinical appropriateness over computational sophistication
in emotion recognition and behavioral generation, that may introduce insufficient contextual sensitivity for
meaningful social interaction [57], and privacy concerns.

Greeting. Furthermore, research has shown that greeting serve as important social rituals (according to
culturally dependent social norms) that activate feelings of connection and warmth, contributing to positive
feelings beyond what can be explained by personality factors or demographic variables [? ]. In Western cultures,
Kendon discussed the importance of greeting [85], and describes it as a sequential series of steps varying
conversational distance. We therefore added a greeting scenario to start the interaction. The greeting provides
a more "real" experience one might encounter in a real therapy session where the counselor will get up and
greet you and show you to a seat. We therefore created animations for greeting using Kendon’s sequential steps:
sighting and decision to greet, distant salutation, approach, close salutation, and lastly commencement of the
conversation.

As shown in Fig. 6 on page 26, we simulated the counselor’s greeting with varying interpersonal distances: at
the start of the session, the user first sees the large office space as if “standing at the office door,” and the VHA is
sitting at its desk on an office chair in the social sphere (4-12ft), while typing on its computer without looking at
the user, unaware that the user "is standing” at the door. The VHA then immediately gazes toward the user to
convey that it has noticed that the user has “arrived” (i.e., has started the interactive session). The VHA then gets
up, walks to one of the padded chairs, and sits down, after rotating slightly to check the chair location before
sitting. We then vary the camera angle and lower it to simulate the user’s sitting down as well, so that the VHA is
at eye level with the user, within the personal sphere (1-4ft).
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Speech Act Nonverbal Behavior Description Therapeutic Rationale
Greeting Types on computer, gazes toward user at the door, walks =~ Establishes welcoming environ-
to padded chair in personal sphere distance, sits at eye = ment, signals transition from
level, uncrossed legs, hands on thighs professional to therapeutic space,
creates equal status positioning
Asking Poses question, uses single-hand formless flick gesture =~ Open gesture invites response, back-
synchronized with speech, leans backward slightly ward lean creates psychological
space for user reflection and disclo-
sure
Listening Waits for user response; leans forward, maintains pos- Forward lean signals active at-
ture, nods expressively (three types: neutral, positive, tention and engagement, varied
concerned based on interaction current context), re- nodding provides contextual feed-
turns upright after answer back, sustained posture demon-
strates commitment to listening
Explaining Uses two-handed flip and contrast gestures synchro- Bilateral gestures emphasize
nized with speech, maintains upright posture key therapeutic content, upright
posture conveys competence and
knowledge
Goodbye Congratulates for completing intervention while smil- Positive reinforcement for engage-
ing, says goodbye while seated, maintains open posture | ment, seated position maintains
therapeutic relationship rather than
dismissive standing

Table 3. Coordinated Multimodal Verbal and Nonverbal Behaviors in virtual agent Counselor Communicative Acts, Lip-
synching is performed for all spoken utterances.

5.1.5 Design Features for Visual Computer Mediated Communication (CMC) Cues. According to the taxon-
omy, the CMC cues refer to visual elements that can augment or modify the meaning of a text-based message.

This subcategory includes two low-level single social cues: emoticons (e.g. ;-), "_") and typefaces (design
of letters and symbols). As discussed by authors [51], and evidenced by virtual agent literature, social cue
subcategories such as CMC cues are very underrepresented, with virtual agent articles focussing primarily on
features specific to the agent.

To ensure high usability, our VHA is embedded in a user interface described in Section 4, which includes
typefaces to emphasize messages, and graphical visualizations to help users understand concepts discussed
verbally the intervention (e.g., (e.g. bar graphs of Body Mass Index) (cf. Figure 3 on page 13, and Table 15 on page
48). In addition, we we added traditional user interface elements to the taxonomy as they can help users
understand the agent’s messages, e.g. we used a microphone on/off icon to facilitate turn-taking and signify to
the user when the agent is listening (mic on) and when it not (mic off). We did not use emoticons.

5.2 Design Features for Auditory Social Cues

Auditory cues refer to cues that can be heard (except words themselves). In the following, we describe each of
the single Auditory cue that we implemented in our agent, using Feine et al’ [51] taxonomy terminology and
definitions, and literature-informed rationale for our design choices.

Auditory cues include two subcategories: (1) four voice qualities cues, including gender of the voice, pitch range,
voice tempo, and volume; and (2) four vocalizations including grunts and moans, laughing, vocal segregates,
yawn).
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Voice quality. We used four commercial synthesized voices from ReadSpeaker' with different gender: two
female voices (Julie, Ashley) and two male voices (Paul, James), which we respectively matched with female-
and male- looking characters. We chose ReadSpeaker voices after a pilot study revealed that ReadSpeaker voices
at the time of our study were perceived as less robotic and more varied than the widely used Ceroproc voices?
voices.

The VHASs auditory cues were the least developed in this version of the VHA: we did not made any adjustments
to the voice tempo and volume, nor did we express any vocalizations.

5.3 Design Features for Invisible Social Cues: Chronemics

Invisible cues refer to cues that cannot be seen or heard.
Invisible social cues are separated into two subcate-
gories: chronemics (i.e. first turn, response time) and
haptics (tactile touch and temperature) as seen in Ta-
ble 16. We did not include haptics social cues in our
design.

Table 4. Average response time and standard deviation analysis
for VHA in milliseconds; 4G/Broadband connections over the
Internet between North America and Europe; caching disabled
(first run).

Unity 3D character and office loading time at start of session

First turn Social Cue. The first turn is defined as

when the agent starts the conversation and is the first 4G mobile dgta 30018.00 ms +/- 66375
. . Broadband internet  24626.50 ms +/-1910.78
to say something about a topic.
In our system, the VHA was programmed to always Text to speech (per sentence)
system, ) prog Y 74G mobile data 939.38 ms +/-381.63
starts an interaction. This approach was to put the con- g oo 551.07 ms /- 141.05
versant at ease and welcome them to the counseling Text to speech (per word)
scenario. 4G mobile data 72.44 ms +/-40.05
Response Time Social Cue. Response time is de- Broadband internet 5 h44.n ms +/- 2342
fined as the amount of time it takes for the agent to peech recognition - -
In-browser (Chrome) ~30ms (Offline processing)

respond to the user’s input, e.g. immediate response (0
second delay), slow response (2 second delay).

To implement and document this social cues, we conducted a quantitative objective evaluation of the VHA
response time. We deployed the system before we conducted the study on a custom built server running Ubuntu
14.04 LTS with a Quad- core 2GHz CPU and 4GB RAM. We then measured the average response times of critical
components of the system on 4G/Broadband connections between the two continents: North America and Europe.

The results are summarized in Table 4, showing very fast response times. More details on this objective
evaluation are available in [19].

5.4 Design Features for Verbal Social Cues

In the following subsections, we describe each of the single Verbal social cue that we implemented in our agent,
using Feine et al’ [51] taxonomy terminology and definitions, and literature-informed rationale for our design
choices.

5.4.1 Content Social Cue. The content cues refer to the strict and literal meaning of a message (i.e.,what is said).

The taxonomy identified twelve low-level single social cues regarding content. The verbal cues from the
taxonomy that are present in the therapeutic brief motivational intervention for alcohol use disorder and the
additions we made to facilitate its delivery by a VHA were discussed in Sections 4.1 and 4.2. Sample excerpts of
the VHA-participant dialog are shown in Table 1.

https://www.readspeaker.com.
Zhttps://app.cereproc.com/
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More specifically, throughout the intervention, principles common to effective BMIs known as FRAMES [122]
are applied: Feedback about client’s individual status is personalized (based on user’s answers); Responsibility for
changing is left with the individual (no persuasion to change is used, intrisic motivation is nurtured); Advice is
provided in a supportive manner; Menus of different options for changing that respect individual’s readiness
to change are offered; Empathic style of communication is central to the individual-clinician relationship (e.g.
provides empathic feedback that does not raise resistance as shown in Table 1); and Self-efficacy is emphasized
(with positive, encouraging messages).

From the FRAMES principles, we implemented the following 7 of the total 12 verbal cues identified in the
taxonomy that are present in the original DCU content: ask to start/pursue dialog; greetings and farewells;
praise to promote self-efficacy (e.g. "It’s a good decision to look at your drinking Joe!"); refer to past (when a
session is resumed after interruption); self-disclosure (in the agent’s introduction “My name is [X], a virtual
agent designed to... I do not have full human intelligence but I can.."); thanking (e.g. "Thank you for sharing
this”"; and (tips and) advice. We did not include the following cues from the taxonomy: apology/excuse, joke,
opinion conformity; self-focused questions, nor small talk (albeit some of these might be useful for VHAS).

While Feine et al’s (2019) taxonomy provides a comprehensive foundation for general-purpose conversational
agents, therapeutic applications require domain-specific content types. We extend the taxonomy with five content
cues grounded in motivational interviewing and brief motivational intervention FRAMES principles [121, 122],
which we implemented in our system:

o Acknowledgment Social Cue: defined as the agent gives brief affirmative responses that signal attention
and understanding without taking the conversational floor. We derived the following acknowledgements
based on the verbal codes generated by the clinical expert, also evidenced in counseling literature [127],
combined with facial expressions and different types of nods shown in Figure 5: "Ah," "Alright," "Okay,’
"Good," "Sounds Good," "Oh, okay," "Great! Thanks for letting me know," "Oh, I see," "Okay, thanks!" These
acknowledgments are distinguished from opinion conformity (where the agent takes a substantive stance
on the topic) by their minimal semantic content and function in maintaining the user’s conversational turn
while signaling agent’s active engagement.

e Ask Social Cue (to assess): defined as the agent asks questions. Feine’s taxonomy only accounts for ’ask to
start/pursue dialog’, but MI requires asking questions for systematic assessment of behavior, readiness to
change, and risk factors.

e Explain Social Cue: defined as the agent providing information/education, e.g. "a standard drink is...").
Such psychoeducational explanations provide factual information distinct from advice or tips, and health
behavior change interventions require clear explanations of concepts.

o Feedback Social Cue: defined as the agent provides personalized feedback questions based on user responses,
which is a core FRAMES principle. This differs from advice-giving (already in Feine’s taxonomy) by providing
personalized normative information about user’s status rather than prescriptive recommendations.

o Refer to emotion Social Cue: defined as the agent acknowledges what user might feel, e.g. when receiving
normative feedback about their drinking that surprises or alarms them, e.g. "It can be surprising and (for
some) discouraging to see that they fall higher on the alcohol use scale than they expected". Emotional
validation and acknowledgment are fundamental to empathic counseling communication [156]. MI explicitly
incorporates emotional reflection as distinct from content reflection.

Sample excerpts of the VHA-participant dialog are shown in Table 1, and intervention content is provided in
Sections 4.1 and 4.2. Details of specific verbal content cues we used from the taxonomy are summarized in our
discussion and shown in Table 16.

5.4.2 Style Social Cue. The style cues refer to the meaningful deployment of language variation in a message (i.e.,
how something is said).
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In the taxonomy, the style social cue includes five subcategories of individual social cues: abbreviations,
formality, lexical diversity, sentence complexity, and strength of language.

We used abbreviations such as acronyms used in the DCU (with their explained meaning), e.g. BMI in graphs
for Body Mass Index. Formality refers to expressing words and sentences that are either compliant or incompliant
with conventional rules, e.g. the agent addresses user with last name instead of first name. In our implementation
we complied to conventional rules, and the interaction is friendly, yet formal. One informality we introduced for
our target users living in the USA, was for the VHA to address the user with their first name (which we asked
them to provide), as practiced in counseling in the USA, thereby compliant with conventional rules. Lexical
diversity refers to the agent expresses many different unique words, e.g. uses various synonyms such as “also”,
“further”, “likewise”, “besides”. The DCU intervention content that the agent delivers has high lexical diversity.

Sentence complexity refers to the complexity of the agent’s sentences in terms of number of used words,
grammatical quality, and length of chosen words, e.g. well-constructed sentences with the use of sophisticated
words, or grammatically wrong sentences with simple short words. The DCU delivers personalized educational
health information written at the reading level of the general US population, which stands around 6th-8th grade.
Hence the language is purposely not complex, yet grammatically correct.

Strength of language refers to the messages of the agent range from strong and assertive statements to submissive
and equivocal statements, e.g. "You should definitely do this" versus "perhaps you should do this." For therapeutic
applications following MI principles, we implement the equivocal end of this spectrum through empathic
communication style characterized by: tentative phrasing (“might,” “perhaps,” “it seems”) rather than directive
language; user-centered framing (“to you,” “for you,” “in your experience”); validating language (“that makes
sense,” “it is understandable,’); reflective softeners (“it sounds like,” “I wonder if”).

For example, rather than assertive feedback delivery “You drink more than 90% of men your age”, we use
empathic phrasing: “It might be surprising to you that 10% of men your age drink as much as you do.” This
approach aligns with the FRAMES principle of empathic communication while instantiating Feine’s ’strength of
language’ dimension for therapeutic contexts. Furthermore, given that the DCU was written based on FRAMES
principles, which emphasizes the communication of responsibility to be with the participant (no use of persuasion,
intrinsic motivation nurtured), the agent does not tell the user what to do, but rather raises intrinsic motivation
with statements such as “It’s entirely up to you whether or not you want to change your drinking.” Hence the
language strength is not strong given Feine’s taxonomy definition.

The verbal style cues according to the taxonomy categories are shown in Table 16.

6 Quantitive Evaluation

We conducted a quantitative evaluation of the VHA acceptability, usability and feasibility. In what follows we
provide a summary of our findings that we will use to show how they support the qualitative evaluation we
conducted in the current study, in order to gather participants’ impressions in terms of why they were satisfied
(or not) with the VHA. Additional details about the quantitative evaluation were reported in [19].

6.1 Participants

Participants were recruited online to complete the BMI intervention with the VHA and answer questionnaires.
We recruited English-speaking adults residing in the USA who reported heavy drinking episodes (defined as
consuming 5 or more drinks in a single occasion at least once in the past year) and expressed interest in receiving
support but were not currently enrolled in treatment services. Participants (N = 136) were recruited online for a
larger randomized controlled trial evaluating the content of intervention and its impact on change. Eligibility
criteria included: (1) engagement in heavy drinking as defined above, (2) absence of current alcohol use disorder
treatment, (3) no medical conditions contraindicating alcohol use, and (4) no severe mental illness. While the
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control condition experienced a text-based intervention with no agent to interact with, for this study, we only
included participants assigned to the experimental condition (n = 51) because they were required to have direct
interaction experience with our virtual health counselors and therefore able to evaluate it.

The sample (n = 51) consisted of 62% male (n = 32) and 32% female (n = 19) participants, and one participant
declined to answer; with a mean age of 28 years (SD = 15.8). Regarding racial identity, participants self-identified
as White (42%, n = 21), Black (24%, n = 12), Asian (7%, n = 3), or Other (3%, n = 2), with 24% (n = 12) not providing
a response. Most participants identified as non-Hispanic (84%, n = 43), while 15% (n = 8) identified as Hispanic
and 1% (n = 2) did not respond. Nearly half of participants were married (46%, n = 23), with others reporting
single status (34%, n = 17), divorced (7%, n = 3), or widowed (1%, n = 1); 12% (n = 6) did not provide marital status
information. Educational attainment varied, with the largest group holding Bachelor’s degrees (36%, n = 18),
followed by some college experience (25%, n = 13), Associate’s degrees (19%, n = 10), high school completion
(14%, n = 7), and graduate degrees (6%, n = 3).

6.2 Procedures

Study participants were recruited via the internet. Targeted advertisements were placed on the Facebook (or
Meta) social media platform, offering access to a brief self-help online program for alcohol users at no cost,
and compensation for participation in the study. Individuals who clicked on the ad URL were redirected to a
screening measure on Qualtrics to confirm study eligibility. Eligible participants were subsequently randomly
assigned to receive an URL for either eEVA-4AUD delivered by the VHAs or a text-only version of the DCU
interface. This study only includes those participants assigned to receive the eEVA-4AUD intervention. After
random assignment, participants were given a username and password to access eEVA-4AUD. Participants had to
log on to the website, complete a demographics survey, and activate the intervention.

6.3 Methods

Following intervention completion, participants provided feedback on the technology’s feasibility, acceptability,
and utility through a custom-developed questionnaire. Although studies that aim to establish causality between
the introduction of agent’s feature(s) on users’ perception or behavior using the experimental design method
can provide insightful causal findings (e.g. comparing an agent with empathic cues to a baseline agent without
such cues as in [98]) to claim that empathic cues cause an increase in user’s intention to use the system), our
current study aims to focus on constructing an accurate description of what is happening when we introduce
some agent’s social cues - using descriptive methods such as questionnaires (this section), as well as interviews
(see Section 7). We plan to conduct experimental research on specific social cues based on our current descriptive
findings, which is a well accepted ascendingly ordered behavioral research methodology in virtual agent research
[157].

Given the absence of standardized instruments (and of benchmark) for evaluating interactions with VHAs
of varying complexity levels, we adapted and combined elements from established questionnaires commonly
employed in human-technology interaction research involving social cues, including both graphical embodiments
and robotic systems. The questionnaire integrated components from three validated frameworks: O’Brien and
Toms’ engagement model [130], Heerink et al’s Almere model [67], and Bartneck et al’s "Godspeed questionnaire"
[9].

O’Brien and Toms’ engagement model [130] assessed VHA acceptability through engagement constructs,
examining six technology attributes that enhance user engagement likelihood: challenge, interest, motivation for
use, and technological appeal (e.g., "I found the health assistant interesting”). The 7-point Likert scale maintained
consistent scoring (1=Strongly agree; 7=Strongly disagree).
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The Almere model [67] evaluated digital health agent acceptance using constructs derived from the Unified
Theory of Acceptance and Use of Technology [188]. Participants responded to 13 statements (e.g., "I enjoyed
participating in this session with the health assistant") corresponding to constructs that predict technology usage
intention and perceived utility. The same 7-point Likert scale format was employed (1=Strongly agree; 7=Strongly
disagree).

The Godspeed instrument has been extensively utilized in evaluation of human-like characteristics in human
interactions with socially interactive agent (virtual or robotic), measuring five core constructs—anthropomorphism,
animacy, likability, perceived intelligence, and safety—that have proven valuable for assessing interactions with
both virtual agents and robotic systems. The Godspeed questionnaire [9] is comprised 12 items measuring
five constructs that assess human-like characteristics in robots, which we adapted for VHA evaluation
by replacing ‘robot’ with "health agent’ (e.g., "The health agent seemed warm"). The constructs included: (1)
anthropomorphism (ranging from rigid to elegant movement), (2) animacy (mechanical versus organic qualities),
(3) likeability (unfriendly to friendly spectrum), (4) perceived intelligence (incompetent to competent range), and
(5) perceived safety (anxious to calm continuum). All items utilized 7-point Likert scales from (1=Strongly Agree;
7=Strongly Disagree), where lower scores represented more favorable outcomes in terms of humanlikeness. No
threshold criteria were established as the measures served descriptive purposes within this study’s framework.
Each item included an optional "Comments" field for participants to provide optional qualitative elaboration on
their numerical ratings.

For analysis, agreement was operationalized as selections of somewhat agree, agree, or strongly agree. Reported
values represent the percentage of respondents selecting any of these agreement categories.

6.4 Results

Participants reported high levels of acceptability and perceived utility of the VHA, as indicated by responses
to the Almere model items (mean = 2.31, SD = 1.05). A large majority (83.8%) agreed—i.e. somewhat agree, agree,
or strongly agree—that they enjoyed interacting with the agent, describing the interaction as novel and reflective.
Most participants found the agent physically appealing (71.6%) and appreciated its pleasant voice (79.7%). Results
are shown in Table 5.

The agent was also found to be easy to use: 86.5% of participants reported that they quickly learned how to
interact with the system and found it intuitive. However, some experienced difficulty with the voice recognition
feature, with only 67.6% feeling that the agent understood them when speaking—an issue often attributed to
user-side microphone settings. Results are shown in Table 6.

Despite this, 74.3% felt that they could have a meaningful conversation with the agent, and 68.9% reported that
it sometimes felt like talking to a real person. The agent was widely perceived as friendly (86.5%) and helpful
(85.1%), and 90.5% of participants indicated they were comfortable disclosing sensitive information to the agent.
Notably, 83% reported greater comfort disclosing their alcohol use to the agent than to a physician. Trust in the
agent’s advice was high (82,4%), and 85.1% intended to act on it.

Question Answer
Enjoyed interacting with agent 83.8% Question Answer
:gzx E’:; 5 }[l)i]::s:zlrﬁ]jgi}:: zahng ;;;Z’ Easy to interact with the health agent / Learned to use = 86.5%
. : =2 quickly
I:gl;:?:{;l];:gi(titl)ya real person gzgzﬂ Agent understood me 67.6%
Comfortable disclosing information 90.5% Carnlve b EpITEEL i gy LES7
. . N . Agent was useful 85.1%
More comfortable disclosing sensitive information | 83.0% - s -
i ey o (o ey Plan to implement agent’s advice 85.1%
Trust the agent’s advice 82.4% Table 6. Participant Endorsements of Agent Usability and

Table 5. Participant Endorsements of Agent Acceptability ~ Advice
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In terms of engagement, participants scored highly (mean = 2.86, SD = —0.96), with 69% feeling confident
using the technology. The system was perceived as practical and adaptable, with 90% agreeing that it could
support other health concerns. Additionally, 88% found the agent interesting, and 85% expressed willingness to
interact with it again. Results are shown in Table 7.

Assessments of human-likeness, based on the Godspeed questionnaire (mean = 2.07, SD = 0.89), further
reflected positive impressions. Participants endorsed a range of human-like qualities, including responsiveness
(89%), warmth (90%), knowledgeability (92%), and respectfulness (90%). Results are shown in Table 8.

Therapeutic Personal Human-like Character- = Answer
istics

Moves appropriately 85%
Seems warm 90%
Question Answer Responsive 89%
Not worried about making mistakes 69% Knowledgeable 92%
Good idea to use agent 86% Flexible 83%
System can be adapted to my needs 90% Honest 90%
Agent is interesting 88% Respectful 90%
Would interact with agent again 85% Relaxed 90%
Table 7. Participant Endorsements of Agent Value, Adapt- Confident %
. Interested 86%
ability, and Reuse Open-minded or nonjudgmental 84%
Supportive 89%

Table 8. Participant Endorsements of Therapeutic Personal
Characteristics

Overall, findings suggest that the digital health agent was perceived as acceptable, engaging, and exhibiting
strong therapeutic personal human-like characteristics, indicating that VHAs designed with the features
we implemented seem viable for delivering brief motivational interviewing-based interventions.

We also sought to investigate further and to identify exactly which VHAS’ features users noticed, and how they
felt about the VHAS’ various social cues we designed, as we discuss in the next section.

7 Qualitative Data Gathering and Analysis for Intended Users

7.1 Research design rationale

We chose a qualitative approach for the current formative evaluation of the eEVA-4AUD prototype to (1) reach
a deep understanding of our target end-users’ perspective on the use of VHAS in their daily lives (difficult to
capture from questionnaires and quantitative analysis [137]), (2) explore user perceptions and socio-emotional
responses to VHA design features that have not been well studied, and (3) derive design considerations for future
VHAs. Even though qualitative methods with interviewing are particularly well-suited to elicit users’ impressions
on design features that are novel, complex and intertwined [93, 95] (such as VHA features), recent reviews found
that very few grounded-theory based qualitative studies have been conducted on VHAs [102, 180].

7.2 Participants

We asked all participants who completed the intervention (discussed in Section 6) if there were willing to
participate in interviews. A subsample of study participants (n = 20) agreed to participate in this qualitative study
after completing the VHA-delivered intervention.

Among the participants, 50% identified as men, 45% identified as women, and one participant declined to
answer. Ages ranged from 22 to 52, with a mean age of 35.67 (SD = 8.04). Because we conducted this study in
the USA, we used the categories used by USA Census Bureau at the time of our study to gather participants’
racial and ethnic demographics. Participants reported their race and ethnicity demographics as follows: White
(50%), African American (20%), Asian (5%), and Other (5%), with no American Indian or Alaska Native, and no
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Native Hawaiian or Other Pacific Islander. Twenty percent of participants declined to answer. When considering
the USA Census Bureau ethnicity, 70% identified as non-Hispanic, 10% identified as Hispanic (10%), and four
participants declined to respond. Participants reported that they played an average of 2.5 hours of games per
week, with a range of 1 to 5 hours per week.

7.3 Procedures

Following completion of the intervention, a principal investigator completed data quality checks by assessing
quantitative responses to a reverse scored item. All participants with good quality quantitative responses were
invited to engage in a qualitative interview to gather feedback about their experience with the VHAs from
the eEVA-4AUD intervention across several dimensions. Twenty (20) participants agreed and were contacted
individually by telephone and completed an interview. However, although twenty individuals agreed to participate
in the present study, one recording was inaudible, and another recording failed. Therefore, a total of n = 18
recordings were used in this analysis. A recent systematic review of empirical tests indicated that, across many
different approaches, saturation was reached within an average of 12-13 interviews, demonstrating strong
external reliability [69]. We obtained saturation of responses with our 18 participants.

We scheduled the interviews as soon as the participants were done going through the intervention. Participants
did not have access to the platform during the interview and referred to their memory of the agents to answer
questions. The interviewer could follow-up with additional clarifying questions as needed. Interview audio was
recorded by the facilitator, and transcribed by an external service. Transcriptions were reviewed, compared to
the original interview audio, and corrected as needed by two graduate students.

7.4 Post-Intervention Semi-structured Interviews

We conducted semi-structured interviews with prepared open-ended questions addressing several dimensions
of the interaction with eEVA-4AUD. Participants were asked about (1) their experience with the VHAs, e.g.,
VHAS’ appearance and body language, voice (tone and speed), diverse physical characteristics, and potential
addition of an adaptive social intelligence that could perceive and interpret users’ social signals; (2) feedback
regarding the virtual office environment and their opinions on personalizing the digital office and window view;
(3) the intervention content of the eEVA-4DCU program such as impressions on each section, and the pace of the
material; (4) their comfort level with the technology, and any barriers to using the eEVA-4AUD system effectively
(e.g. bugs for programmers to fix in the next version). Although questions were asked in a specific order, there
was no specified order or level of response required.

7.5 Data Analysis

We used grounded theory [55], and did not formulate a priori hypotheses. Instead, direct feedback from alcohol
users of the VHA was gathered. We began inductively, using open and axial coding as detailed below. To ensure
reliability and dependability, we utilized an iterative “coding by consensus,” and measured inter-rater reliability.

Open coding was first completed independently by two graduate students wherein each interview transcript
was examined to identify recurring themes, key words, and phrases related to the intervention.

Axial coding was then performed, where these coders independently identified recurring words and phrases
within the transcripts and subsequently organized them into hierarchical groupings [137]. These categories
gleaned from axial coding were then used to create a codebook for the present study (provided in Appendix A).

Next, selective coding was used to select excerpts from all transcripts, and both original coders tested the
codebook on these excerpts to confirm viability and suitability to accurately code the data. After the codebook
was completed, two additional graduate students were trained on using the codebook and double coded all using
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Dedoose® qualitative coding software. After coders independently coded small batches of interview transcript
data, they met with the principal investigators and an additional graduate student. During these meetings, the
principal investigators and graduate students acted as additional coders to review all codes, resolve disagreements
or inconsistencies, and determine the appropriate code(s) for excerpts where the two coders conflicted [137].

Inter-rater reliability was conducted. Codes that had a low baseline (were not present enough to run reliability)
were excluded (n = 1 code). The “Other” codes (did not fit in any other coding category) were also excluded from
inter-rater reliability analyses (n = 4 codes). As shown in Table 17, inter-rater reliability ranged from moderate
agreement (x = 0.59) to perfect agreement (x = 1.00).

After coding was completed, frequency counts for all themes were computed. This allowed the most frequently
experienced themes to be identified. Table 17 in Appendix A shows the details of our resulting Code Book, with
theme codes and subcodes definitions, frequency counts for theme occurrences (n), and reliability estimates (i.e.,
Cohen’s kappa statistic) associated with each code. Positive and negative sample excerpts are included below and
in our design summary tables (see Tables 9, 10, 11, 12, 13, and 14), to illustrate users’ responses to the various
design features.

Codes were also weighted by coders who assigned ratings on a five-point Likert-type scale based on the valence
of the users’ comments (1 = very negative comment, 2 = somewhat negative comment, 3 = neutral or mixed
comment, 4 = somewhat positive comment, 5 = very positive comment).

8 Findings of Qualitative Analysis
8.1 Codes and Thematic Overview

We first began by identifying patterns in the data from our investigation. Reporting on qualitative studies is
invariably lengthier than for other scientific methods, because it requires detailed descriptions of design rationale,
and quotations from raw data excerpts to illustrate our findings, to “bring them to life” [95]. As a result, we
cannot delve into detail on all of the themes identified in this manuscript, and instead we focus on the themes
related to the VHAs and office’s social cues design, with the feelings they evoked in users.

A total of eighteen transcripts were coded from eighteen semi-structured interviews with individual alcohol
users who engaged in the intervention. After open coding for thematic analysis, several main themes related to
the VHA were identified as parent codes and corresponding sub-codes, including:

e agent acceptability, with corresponding subcodes such as general user experience, personal qualities,
appearance, nonverbal behaviors, voice / verbal tone and speed, hypothetical sensing social intelligence;

e virtual office environment, with corresponding subcodes such as general user experience, realism, and
preferences / view;

e agent diversity, with corresponding subcodes such as ethnicity / race, age, and gender.

Our qualitative analysis code book is provided in the Appendix in Table 17. In what follows, we discuss our
findings, organized by the main themes: VHAS’ acceptability, office environment, and diversity, and each of their
sub-themes.

We provide main frequency counts (n) of comments on each theme per transcript and across all transcripts,
weighted averages (M) of weights assigned by coders on a 5-point Likert scale based on the valence of user’s
comments (1 for very negative comment, 5 for very positive comment), and key quotes from the qualitative
analyses. The weighted averages of the coders’ weights of the valence of users’ comments for each of the
sub-themes discussed are shown Figure 7, sorted by decreasing weighted average.

Below, we present the themes that arose from the semi-structured interviews. The term “transcript” is used
when referring to a full alcohol user’s interview. The term “excerpt” is used to describe a section of the interview

Shttps://www.dedoose.com
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Fig. 7. Weighted averages of weights scored by coders based on the valence of the users’ impressions of agents’ individual
social cues, using a five-point Likert-type scale (1 = very negative comment, 2 = somewhat negative comment, 3 = neutral or
mixed comment, 4 = somewhat positive comment, 5 = very positive comment). UX stands for User Experience.

identified as a unit of analysis that applied to one or more codes. An excerpt can be a sentence or several sentences
if the content was connected.

8.2 Acceptability of the virtual agent as Counselor as a whole

Themes surrounding the acceptability of the VHAS’ visual and vocal features were mentioned 223 times across
participant interviews (39.6% of total excerpts), and every individual mentioned at least one aspect of agent
acceptability. Users commented on the VHA’s appearance (n = 24, present in 83.3% of transcripts), non-verbal
behaviors (n = 27, present in 83.3% of transcripts), voice tone (n = 18, present in 88.9% of transcripts), and voice
speed (n = 23, present in 88.9% of transcripts).

Each subsection below discusses our findings for each identified acceptance of the sub-categories, with
corresponding weighted values of scorers’ ratings of users answers on a scale from 1-5 (5 = very positve) (see Fig.
7), and includes examples of user’s impressions and feelings from a subset of excerpts.

8.2.1 Users’ general user experience (UX) with the VHA. users’ general UX with the agent (n = 12), i.e,,
personal feelings or emotional responses stemming from the interaction with the agent and/or experience with
the agent selection menu, received very positive feedback (M = 4.42). One user noted:

“It was more comfortable after, I don’t know, maybe 10 minutes. I forgot it was, you know, artificial
intelligence. I feel like I was talking with a real person. But yet I didn’t feel that uncomfortable like, you
know, I would talking with someone, one on one.”

As shown in Table 9, most users expressed that they felt “very comfortable talking with the agent” and that they
felt they were “talking to a real person” Multiple users felt that the interaction with the agent was “similar to
therapy”

8.2.2 Personal qualities of the VHA. users attributed personal qualities toward the VHA (n = 11). As shown in
Table 9, although some users, felt that the VHA was “‘truly just a piece of software,” and that the VHAs had “no
emotions”, most comments were rated very positively (M = 4.55), with users expressing that they felt that the

agent was “very caring, “very calm, and reassuring, “understanding,” “informative,” “impactful,” “very concerned,
and “friendly” One user mentioned:
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“T thought that she was very concerned. That she uh she cared a lot and there’s no negative things to say
about it. I thought that she paid attention she took me through the, you know what I mean, without a
problem.”

8.2.3 VHA’s physical appearance. The VHA’s appearance (n = 24) was rated positively (M = 4.3) on multiple
appearance design features: realism, attractiveness, clothing/style (see Section 5.1.1).

VHA’s realism [appearance]. As shown in Table 10, a few users interpreted the VHA’s graphical realism social
cue as a signal that made them look “computer generated,” “like an anime character,” with one user mentioning:

“Obviously it wasn’t like, high definition.][...] Like it wasn’t like a video game.”

Most users, however, found that the VHASs looked realistic, e.g., “like a regular person”, Users felt that the
VHAs were “appropriate for the application”, and that they “really liked” the VHAs. No user reported feeling
uncomfortable and many users indicated they felt very comfortable. One user specified:

“‘She was friendly, she didn’t creep me out or anything”.

VHA’s attractiveness [appearance]. Two users mentioned that VHAs’ attractiveness cues we designed signaled
that the VHAs were “pretty attractive looking”, and that their “attractiveness definitely helps” One user mentioned:

“Um, I think it definitely helps to have someone that you know, is not, I don’t want to say it’s like good
looking, but just not, like not bad looking”.

VHA'’s clothing and style [appearance]. As shown in Table 10, users did notice and comment on the VHASs’
clothes and styles. They identified the clothing style cue as a social signal of “casual like”, and “well dressed,
which was our goal. One user said :

“I liked how he was well dressed. It seemed like his coat wasn’t buttoned if I remember right. So he was
well dressed and professional, but you know just a little bit relatable like laid back casual like, Hey, you
can talk to me.”

Another participant stated, “Maybe, their appearance. [...] It just looked like a young professional.”. Users detailed
the VHAS’ hair, and attributed the hair style to the VHA, which facilitated feelings of being “attached to” or
“connected with” the VHA. As an example, one user mentioned:

“Uh, I, particularly liked the guy who had like, had this Rastafari hair, or somewhat Rastafari hair. [...]
Yeah. I felt that it was the one whom I connected to most.”

8.24 VHA'’s active listening nonverbal social cues. The VHA’s nonverbal behaviors (n = 27) were received
positively (M = 3.69) (cf. Table 11). A few users thought that the body language looked somewhat unrealistic,
with one user noting:

“Yeah. [the body language] was the part that made you kind of realize, okay, this isn’t real.”,

another user mentioning that it was “a little stiff”
However, most users perceived the VHA’s NVB social cues positively (M = 3.69), and as “pretty pretty realistic,
their motions and things,” and as having “a nice body language” One user said:

"Yeah, I actually browse through a few of them. And they, they seem pretty, pretty realistic. Their like
motions and things.".

The VHA’s body language social cues were perceived multiple times as signaling the VHA’s openness, and
triggered users’ responses toward the VHA of being “non judgmental” and “non confrontational” The VHA’s
subtle active listening social cues were also perceived as “little different gestures,” which succeeded in eliciting
the user’s social response that the VHA was “really attentive” and “listening” to the user, and users “liked” the
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VHA. The active listening NVBs coordinated with simple verbal reflection social cues were also perceived and
triggered a sense of being “validated” by the VHA.

‘T was really really impressed with the body language design. It was like very open body language”.
Users perceived the VHA’s greeting (see Section 5.1.2 and Figure 6 on page 26). One user said:
“And then I come in, it’s like coming into an appointment.”
Another user said:

[...] And then when I went back in several times, you know, like, he would be at his desk. and he would
come over and be like, Hey, you know, I remember what we talked about last time and you don’t worry
about that. so, Yeah, that was awesome. I thought it was really great.

8.2.5 Hypothetical VHA’s sensing and adaptive social intelligence. When asked about the potential addition of
a sensing module for the interpretation of their facial expressions (n = 7), users had contrasting feelings (M =
3.43). One user said:
Oh, that would be really great and I think that’s that’s really important in it being able to read me too.
On the other hand, one user expressed concerns:

- Yeah, I don’t really feel like comfortable with like facial recognition stuff in general. Personally, I
wouldn’t really want to do that.

Yet, another user suggested that there be an option added to enable it so that people do not get “nervous”
8.2.6 VHA’s verbal tone, and voice speed.

VHA’s verbal tone. The VHA’s voice and verbal tone (n = 18) received very mixed results (M = 2.9). Some
users found the voices “pleasant,” “pretty realistic,” or “natural” One user perceived that the voice “was good, it
matched what they look like”, and another one said:

T thought [the voice] was natural to me. Like being there with that person.”
One user mentioned:

“His voice sound urban. like he is- From my, from he’s probably black just like me. So that’s probably one
of the reasons why I'm picking, he sounded like me.”

» » «

Others found the voices “too text-to-speechy,” “robotic; “a little too artificial, or “monotone.
Many users felt the active listening minimal acknowledgements were “somewhat repetitive, and some users
described them as “a little annoying after a while.” One user, however, felt validated and said:

“So yeah, ... he would be like, "mm hmmm" like, "thanks for sharing that." I don’t remember what he
would say. so yeah body language, that kind of validation of what I was saying, and [it] feels good yeah.”

VHA’s voice speed. The voice speed (n = 23) received the worst rating of all the VHA design features (M =
2.19). Although one user mentioned that “it was perfect] most users reported that they found the voice “too slow.”
Multiple users suggested that an option to adjust the voice speed be provided, with one user mentioning:

"Yeah I would like to speed up to some preferred speed. You know, like where on Youtube there is an
option where you can speed up a video, I would like that option.".

8.3 3D Virtual Office Environment

The virtual office environment (see Figures 4 on page 14 and 6 on page 26) was brought up by two-thirds of
participants, across 26 excerpts (4.6% of all excerpts). Users positively rated the realism of the virtual office setting
(M = 5) and the view outside the office window (M = 4). As shown in Table 14, participants also reported positive
feelings regarding their general experience with the virtual office (M = 5). Users perceived the environment cues
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as signaling an office cue “like sitting in an office environment,” and a working space cue with the VHA “is working
on his stuff” Users had the following socio-emotional responses to the office: it was “really comforting,” “very

comfortable,” “very therapeutic,” and “not bland nor overdone”
One user said:

I think it was good. Like it was really comforting.
Another user mentioned:

Like I felt like the room was a very good kind of a therapeutic setting type room.
One user was particularly pleased with the “clean setting” and said:

I thought they were uh in a clean setting. The setting was cool cuz I really liked, you know, to be in a
nice setting myself. .

8.4 Agents’ Diversity

Participants were presented with a menu of 25 visually distinct VHAs to choose from, who portrayed cues
contributing to the perception of race, age, and gender demographics (see Fig. 2 on page 12). As shown in Table
12, participants did perceive the VHAs’ gender, race, and age social cues that we designed as social signals by
attributing gender, race, and age characteristics toward the VHAs. Participants commented on these VHA’s
diversity social signals, which were mentioned 71 times (12.6% of all excerpts, noted by 100% of participants), and
which were perceived positively. For example, one participant stated:

‘T like that you can choose which you know which one you wanted, younger, older, man, woman, different
races.”

All participants mentioned at least one aspect of the VHAS’ diversity social signals, including excerpts regarding
perceived gender (n = 18, 25.4% of agent diversity excerpts, noted by 55.6% of participants), perceived race (n =
14, 23.9% of agent diversity excerpts, noted by 44.4% of participants), and perceived age (n = 11, 15.5% of agent
diversity excerpts, noted by 33.3% of participants).

Several participants stated they chose a virtual health agent that was like them in at least one diversity
characteristic. As one participant explained:

So, um, I've been to therapists too. And I think when I choose someone, I kind of want someone that’s
similar gender and ethnicity for me. So that is why I chose someone that was like, also Asian and I think
this one was Japanese.

A few users interpreted the social cues of the “older male” as VHA’s social signals, which triggered social
responses that attributed wisdom and experience to the VHA, with one user mentioning:

T just picked the older gentleman because it seemed like he would be more like a good therapist.”

9 Discussion

The findings presented in this study represent an advancement in the development of comprehensive virtual
counseling systems that address critical gaps in mental healthcare accessibility and delivery, and in virtual agent
research.

Context. The growing demand for accessible mental health services, combined with stigma barriers that prevent
many individuals from seeking help for sensitive issues like alcohol misuse [31], has driven significant research
into virtual health agents designed as counselor extenders: i.e. they can extend human counselors’ practice
within the healthcare ecosystem with, for example, preventive interventions, just-in-time interventions 24/7,
booster follow-up sessions. This need is particularly acute for stigmatized conditions, where individuals may be
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reluctant to seek traditional counseling, creating opportunities for virtual agents to provide initial low-intensity
interventions for stepped care intervention when people are too apprehensive to engage with human counselors.

Indeed, in December 2025, the US National Center for Health Workforce Analysis (NCHWA) released projections
for 2023-2038 documenting the increase in demand for behavioral health, mental health, and substance use disorder
services in the United States. Projections indicate persistent workforce gaps: by 2038, shortages are expected
to reach approximately 77,050 addiction counselors, 99,780 mental health counselors, 99,840 psychologists,
43,810 psychiatrists, 33,840 marriage and family therapists, and 39,680 school counselors. As behavioral health
needs continue to rise, rural counties are more likely than urban counties to lack behavioral health providers
[84, 118, 145, 164]. The documented disparities in behavioral health access among racially and ethnically diverse
populations [178], and their frequent treatment by non-Latino Caucasian providers [43], highlight the potential
for diverse virtual counselors that can provide culturally representative mental health support to underserved
communities.

Research Questions. This discussion addresses how our findings contribute to answering our research questions,
while situating them within the broader virtual counseling literature (see Sections 3.3 and 5):

RQ1: What design choices can inform the development of a virtual health agent as counselor that elicits similar
socio-emotional responses as those experienced with an effective human counselor?

RQ2: What design choices can inform the development of a virtual office environment for a virtual agent as
counselor that triggers similar socio-emotional responses as those experienced in an effective human counselor’s
physical office?

RQ3: What socio-emotional responses do diverse adults exhibit when they can choose from a diverse set of virtual
health agents as counselors for a counseling intervention?

Format of Findings Discussion for Designers of Virtual Agents as Counselor Extenders. While we have not
yet established causal relationships between specific social cue designs and user socio-emotional responses,
our findings suggest the effectiveness of our theory-based metaphorical approach. The convergence of posi-
tive quantitative outcomes (Section 6) with qualitative responses (Section 8) indicates that our design frame-
work—incorporating 77 individual social cues within multimodal communicative acts and a therapeutic ’soft
room’ environment—successfully achieved two key objectives: (1) users perceived the VHAs as possessing
evidence-based characteristics of effective counselors [2], and (2) users exhibited socio-emotional responses
consistent with those observed in effective counseling interactions.
Our discussion below also includes Design Tables that map our implementation of individual and combined
social cues to observed socio-emotional responses. These tables provide VHA designers with empirically-informed
guidance on which cues may elicit specific user responses that influence system usage intentions and satisfaction,
and consider including them in their design. Following our explanation about how a cue becomes a social cue
when it triggers a socio-emotional response (see Section 3.2), for each category of themes we identified in our
qualitative analysis, the Design Tables include the following information:
(1) details about which VHA’s social cue (or combination of) we implemented and how we did it, shown in
Column 1;

(2) the social signals associated with these cues perceived by users as revealed in the interviews, shown in
Column 2;

(3) the socio-emotional responses they triggered in users as revealed in the interviews, shown in Column 3;

(4) additional sample excerpts of these socio-emotional responses responses from the interviews, shown in
Column 4, with the weighted average, M, of the coders’ scoring of the users responses on a 5-point Likert
scale (1 = very negative comment - 5 very positive comment).

ACM Trans. Comput.-Hum. Interact., Vol. 37, No. 4, Article 111. Publication date: August 2018.



Virtual Counselor Extenders: Social Cue Taxonomy, Soft Rooms, and Brief Motivational Interviewing « 111:41

Table 9. Users’ general user experience with virtual health counselors (VHAs) as a whole, i.e. including the combination
of all designed social cues, and VHAS’ personal qualities users perceived and encoded about the VHAs, with sample
excerpts of interviews, and weighted averages of weights (M) assigned by coders on a 5-point Likert scale based on the
valence of user’s interview comments (1 for very negative comment, 5 for very positive comment, cf. Figure 7).

All VHA’s social = All VHA’s so- | User’s socio-emotional re- = Sample Excerpts of Users’ socio-emotional responses to UX with VHA’s

cues cial signals sponses (M=5.0) and VHA’s PERSONAL CHARACTERISTICS (M=5.0)
Gex}eral User Ex- | all of the | comfortable with, forgot it | -t was more comfortable after, I don’t know, maybe 10 minutes. 1 forgot it was, you
perience (M=5.0) V'HA'S social | was Al like talkirfg to some- know, artificial intelligence. / feel like | was talking with a real person. But
signals ones one on one, like therapy yet | didn’t feel that uncomfortable like, you know, | would talking with someone,
one on one.

— Overall, I thought it was really interesting. Kind of like self-reflective, like therapy
type thing. You know, this definitely helped me think about how [ use alcohol on a

day to day basis.
Personal quali- all of the | very attentive, cared a — |thoughtthe person too was very like, calm and reassuring, like, | thought it
ties (M=5.0) VHA’s social | lot, calm, reassuring, un- was a good bot, you know, I felt - it’s weird to say | felt like | had an interaction with
signals derstanding,  informative, the, like, the format and, you know, the way they presented information and, overall,
impactful, laid back, non I think it impacted my mindset. Definitely.
judgemental, very con-  _ [t seemed, not judgmental, you know, understanding pretty laid back not not,
cerned, friendly, comfortable you know, ready to judge you or you know... Analytical.
with  VHA, has positive | — | thought that she was very concerned. That she uh she cared a lot and there’s
impact no negative things to say about it. | thought that she paid attention she took me

through the, you know what | mean, without a problem.

9.1 Evidence-Based Virtual Brief Motivational Interviewing Implementation (RQ1)

The adaptation of Brief Motivational Interviewing for virtual agent delivery represents a significant step toward
standardizing evidence-based interventions in digital health platforms. Recent systematic reviews have identified
significant gaps in the integration of MI principles within VHAs, with only 21% of studies covering all MI principles
and 29% including all processes [116]. While the current implementation does not implement all MI principles
either, it demonstrates successful integration of evidence-based BMI protocols, with 82.4% of participants trusting
the advice given by the health agent and 85.1% planning to follow that advice.

Particularly compelling is qualitative evidence that participants recognized the agent’s adherence to BMI
principles. One participant noted, "I didn’t feel like I was given advice, more like information to be able to
make my own decision. I was the one with the power to give myself advice," well capturing the client-centered,
autonomy-supporting approach fundamental to motivational interviewing. These finding suggests that virtual
agents can successfully implement the collaborative stance essential to BMI effectiveness [175].

9.1.1 General User Experience with the virtual agent Counselor: Most participants felt that their overall user
experience interacting with the VHA was very similar to having a therapy session and talking to a real person,
yet users were not confused about interacting with a digital artifact. As one participant explained: "It was more
comfortable after, I don’t know, maybe 10 minutes. I forgot it was, you know, artificial intelligence. I feel like
I was talking with a real person. But yet I didn’t feel that uncomfortable like, you know, I would talking with
someone, one on one."

The focus on heavy-drinking adults recruited through online social networks proved particularly effective,
with 85.1% of participants finding the agent useful, e.g. because "he explained things that I did not know" and
"it helped me recognize that I have a problem.” This demonstrates that VHAs can effectively serve screening
and brief intervention functions, potentially addressing the significant treatment gaps in substance abuse care
[20]. The comment that "The questions she asked me, no one had asked me before and helped recognize my
drinking problem" highlights how VHAs can reach individuals who might not otherwise receive evidence-based
interventions.
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Table 10. User’s perception/encoding of, and user’s socio-emotional responses to, the virtual agent counselors’ appearance
social cues ( realism, clothing/style) to support the metaphor of a human adult empathic counselor: VHA’s appearance
social cues shown in Column 1, are perceived and encoded by users as VHAS’ appearance social signals shown in Column
2, which in turn triggers user’s socio-emotional responses shown in Column 3, with excerpt examples from interviews
shown in Column 4, and weighted averages (M) (cf. Figure 7).

User’s perception/encoding of, and user’s socio-emotional responses to, the VHAs’ APPEARANCE social cues

Users’ User’s socio-

and

VHA’s appearance social perception Sample Excerpts of users’ socio-emotional responses to VHA’s

cues (see Section 5, & Figures
2,5,6)

encoding of
VHA’s appearance
social cues as VHA’s

emotional responses
to VHA’s appearance
social signals

appearance social signals (M=4.3)

appearance social
signals
Realism: looks like a regular | appropriate for appli- | - She was friendly, she didn’t creep me out or anything.
- 3-Dimensional, person, as realistic | cation, not creepy, re- | - Well, I really liked him. My dad, he’s still living but he’s not like I
- HumanBasic [110] level of re- | a8 it can be & still | ally liked, friendly, like said he is kinda religious. soI don’t talk to him about things like
alism, cartoony, ~computer | father figure, easy to this. So that’s why I went with Luke because he kind of even
— human-like generated, anime-like | talk to about private looked like my dad [...]. my dad is just a really wise guy a very highly
character, not like | matters intellectual.
video games
Attractiveness (for West- | biological attractive- ~ helpful - Um, I think it definitely helps to have someone that you know, is not,

ern[ized] populations): face:
symmetry, averageness;

ness I don’t want to say it’s like good looking, but just not *inaudible™ like
not bad looking.

~ The person, I thought they were pretty attractive looking.

attached to, influential, | —
professional, relatable,
laid back, intelligent _

braids, Rastafari, well
dressed, casual style

Clothing and business ca-
sual style (for Western[ized]
populations):

- female-looking: dress,
blouse & slacks, skirt &
sweater; Western hair styles;
male-looking: slacks &
shirt & tie or not & casual
jacket or not

— Western hair styles, Rastafari
braids, bald with glasses

One, he, I was attached to him because he had braids and he looked,
he seemed to be more influential.

I liked how he was well dressed. It seemed like his coat wasn’t buttoned
if I remember right. So he was well dressed and professional, but
you know just a little bit relatable like laid back casual like, Hey,
you can talk to me.

9.2 Therapeutic Relationship and Social Presence Design (RQ1)

The quantitative findings demonstrate that virtual agents can achieve meaningful therapeutic relationships, with
68.9% of participants reporting that it sometimes felt like talking to a real person, and 90% perceiving the agent
as warm. These metrics are also supported by qualitative descriptions that highlight the mechanisms underlying
therapeutic engagement.

9.2.1 Personal Qualities: Based on the collection of 77 individual social cues we implemented (added up in the last
eEVA-4AUD column in Tables 15 and 16), and on the multimodal of communication we created from combining
verbal, kinesics, and proxemics social cue, adult alcohol users’ socio-emotional responses were similar to those of
clients with successful counselors (e.g., "very caring,' "very calm,' "reassuring,’ "very attentive,' "non-judgmental").
The Godspeed questionnaire results validate the agent’s therapeutic qualities, with participants rating the agent

highly on warmth 90%, responsiveness (89%), knowledgeability (92%), and being nonjudgmental (84%).

9.2.2 Appearance and Realism: The 3D human-like VHAs rendered with realism level a la HumanBasic [110]
looked like real persons to adults receiving BMI, were found appropriate, elicited positive feelings, and avoided
falling into the uncanny valley [123]. Most participants found the VHAs looked realistic, "like a regular person,’
and "appropriate for the application." Our findings corroborate previous research showing that realistic, yet not
photorealistic rendering, is more appropriate than cartoon-like stylized characters for healthcare applications
[149, 152].
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Table 11. User’s perception/encoding of, and user’s socio-emotional responses to, the virtual counselors’ nonverbal (NVB)
social cues that support the metaphor of a human empathic counselor: VHA’s NVB social cues shown in Column 1, lead to
users’ interpretations of these social cues as VHA’s NVB social signals shown in Column 2, and to user’s socio-emotional
responses to VHA’s NVBs shown in Column 3, with excerpt examples shown in Column 4, with weighted averages (M)
of coder’s ratings (1 very negative comment - 5 very positive comment) (cf. Figure 7).

User’s perception/encoding of, and socio-emotional responses to, the VHAs’ NON-VERBAL (NVB) social cues

VHA’s NON-VERBAL (NVB) social cue
design features (see Section 5 and Figures
4 and 6)

Users’ percep-
tion/encoding of VHA’s
NVB social cues as
VHA’s NVB social sig-
nals

Users’ socio-
emotional responses
to VHA’s NVB social
signals

Excerpts examples of users’ socio-emotional
responses to VHA’s NVB social signals (M=3.69)

In all states: speaks with lip synchroniza-
tion, blinks (15-20 / min.), breathes

Greeting: types while seating on com-
puter on its desk, gazes toward the user
“standing” at the door, walks to change
proximity to user from social sphere to
personal sphere closer to user, sits down
at eye-level with user (different camera
angle)

ability to work, smartness,
office features, user’s first
person view of office room
while standing

really liked NVBs a
lot, really cool, VHA
is smart, interaction is
similar to coming to an
appointment

- Ireally liked that a lot. i don’t know why. | just

thought it was so cool like here he is he’s working
on his stuff. He is a smart dude, he’s got a nice
office. And then | come in, it’s like coming into
an appointment. So | thought that was really cool.

Neutral (ongoingly): while seated, with
open body language with uncrossed arms
and uncrossed legs (open legs for males,
legs togetheer for females), hands on
thighs, VHA speaks to user with head ges-
tures and eyebrow movements, gazes to-
ward the user, who has "seated" in front of
VHA

realistic, open body lan-
guage

really really impressed,
interaction is like ther-
apy, VHA is very open,
non confrontational,
and non judgmental

— Yeah, | thought it was good. You know, reminded

me of like, what a therapist to do movies and
stuff, and very non confrontational. / thought it
was good.

- [ was really really impressed with the body lan-

guage design. It was like very open body lan-
guage.

Asking: questions user with single hand
formless flick; Listening: waits for the
user to respond to the question, leans for-
ward on its seat, maintains a leaning pos-
ture until the user answers, with one of the
three different expressive nods (neutral,
concerned, smiling) (depending on the
user’s answers, returns to an upright sit-
ting position; Explaining: speaks with two-
handed flip gesture & two-handed con-
trast gesture

active listening subtle ges-
tures, coordinated verbal
and NVB active listening
behaviors

liked everything, VHA
is really attentive, and
listening to user, VHA
is validating user, user
feels good about the
VHA

— Um, | pretty much liked everything. I like her little

gestures. It’s seemed like she was really attentive
she gave like little different gestures to let me
know kind of that she was listening. so, / liked
that.

Greeting upon user’s return from a pre-
vious session re-greets user (see Greeting
above), while verbally reassures user that it
remembers between sessions all user’s an-
swers, and where they left of in the previous
session

ability to greet user, ability
to remember user

really liked VHA, sim-
ilar to returning to an
appointment, VHA is
reassuring

9.2.3 Clothing and Professional Appearance: We dressed the virtual counselor in business casual attire (e.g.
dress shirt, no tie) to balance professional credibility with approachability, consistent with the collaborative
counseling stance of MI, rather than an authoritative physician role. Users confirmed this achieved the intended
effect, describing the counselor as "professional,’ "intelligent," and "relatable,’ noting the attire conveyed "well
dressed and professional, but... laid back casual like, Hey, you can talk to me." This contrasts with another study’s
recommendation of white coat and stethoscope for virtual counselors [138], which emphasized hierarchical
authority rather than the partnership model central to ML

9.2.4 Active Listening Behaviors: The integration of active listening behaviors was successful, with participants
noting that the agent was "really attentive" and "listening," and that the "little different gestures" made them
feel "validated."" The VHA’s nonverbal behaviors (M = 3.69) were perceived as signaling openness and triggered
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Table 12. User’s perception/encoding of, and socio-emotional responses to, the VHA’s diversity social cues to support the
diverse counselors metaphor.

User’s perception and encoding of, and socio-emotional responses to, the VHAs’ DIVERSITY social cues

VHA diversity social Users’ percep- Users’ socio-emo- Sample Excerpts of Users’ socio-emotional responses to VHA’s social cues
cue design features (see = tion and encod- tional responses to
Section 5.1.1and Figure 2) = ing/interpretatior VHAS’ diversity

of VHA’s diver-
sity social cues

as VHA’s di-
versity  social
signals
Race/Ethnicity race of VHA liked, definitely a | - | thought it was cool. Um, I obviously I chose somebody of my own race [...]
(M=4.46) plus, more comfort- So Um, | think | think it’s definitely a plus... Not like not only white people
. == able with VHA of |  have drinking problems.
r_'_}, 2 ﬁ similar race as self - So, um, I've been to therapists too. And | think when | choose someone, 1 kind
} {“ﬂ‘{ 3 *1 of want someone that’s similar gender and ethnicity for me. So that is
o why I chose someone that was like, also Asian and I think this one was
Japanese.
Age (M=4.55) | age of VHA liked VHA's closer | — Maybe I picked her because she’s like closer to me, by far as maybe ethnicity
to self in age, older and maybe age.
éﬁ; VHA as wise, good | — | just picked the older gentleman because it seemed like he would be more
p /_i u \ therapist, father fig- like a good therapist.
: - ure — I probably kind of have a fatherly figure, man, | see my dad as nice, but I think
maybe a lot of people do associate age with wisdom.
Gender (M=4.41) | gender of VHA quite important, | - [Having diverse choices] is quite important. | really emphasize I'm choosing someone
= = more  comfortable that’s also female because I feel more comfortable and also someone that
;E . Wifh Afemale af’fd is a minority.
; Q | {! minority, more in | - [ figured that we had much more in common than other agents.(...) Ap-

common, interesting
and suprising to |-
have choice

pearance, age.... I would say gender too.

I thought it was interesting that there were a lot of agents to choose from. For

something like this, I didn’t expect to choose from many agents.

- Um, | felt more comfortable talking to him than I did with the rest of them.(...)1
didn’t even know his name, I just was like "this is the one I want to talk
to."

responses that the VHA was "non judgmental” and "non confrontational” One user said: "I was really really
impressed with the body language design. It was like very open body language.”

9.3 User Acceptance and Diversity Considerations (RQ3)

9.3.1 Self-disclosure: Quantitative findings show that 90.5% of participants were comfortable disclosing drinking
information to the digital health assistant, with 83% reporting greater comfort compared to disclosing to their
medical doctor. This preference for virtual disclosure is explained through qualitative insights: "The assistant
gives me a level of trust that I don’t have with other humans," "It is more easy talking to (the health agent) than
to a real person,’ and "I don’t feel like they are judging me." The high level of disclosure comfort represents an
advantage for substance abuse treatment accessibility, which confirms prior research on self-disclosure with
agents [59].

9.3.2 Diversity and Choice: . Adults with AUD had unanimous positive socio-emotional responses to having
the option to choose diverse VHASs in terms of race, gender, and age. They considered this both welcome and
important, with one participant stating: "I like that you can choose which, you know, which one you wanted,
younger, older, man, woman, different races." Results indicate that 53% of participants selected VHAs they
perceived to share their own race, corroborating homophilic responses [113]. Participants often chose agents
similar to themselves: "I kind of want someone that’s similar gender and ethnicity for me. So that is why I chose
someone that was like, also Asian." However, some users chose the "older male" character for perceived wisdom
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and experience, suggesting homophilic responses aren’t always applied regarding age. One participant explained:
"I just picked the older gentleman because it seemed like he would be more like a good therapist." Our findings
contrast with recommendations that virtual agents in healthcare could be designed as androgynous to avoid
stereotypes [158, 160], pointing to a need for more research.

9.3.3  Voice and Speech Recognition: While participants found the agent physically appealing (74%) with a pleasant
voice (82%), voice speed received the lowest rating (M = 2.19), with most users finding it "too slow." Additionally,
only 67.6% felt the agent understood them when speaking, primarily due to microphone configuration issues
rather than technology limitations. Findings suggest that verbal reflective listening social cues are needed to
avoid repetitiveness of simple acknowledgements, and voice speed adjustment options should be provided.

9.4 Technical Implementation and Future Enhancements

The quantitative evaluation revealed both strengths and challenges in technical implementation. While 86.5% of
participants found the agent easy to interact with and learned to use quickly, technical challenges emerged in
specific areas.

9.4.1 Voice Recognition and Synthesis: Although most users found voices "pleasant” and "natural,’ some found
them "too text-to-speechy” and "robotic." The monotonous voices without intonation variations contributed to
perception of low emotional expression. Research shows that facial expressions are predominant over vocal
expressions [? ], which may explain why overall user experience remained high despite voice issues. Future
research is needed on voice qualities.

9.4.2 Sensing Social Intelligence: While alcohol users fully accepted VHAs that could encode (express) subtle
social cues, not all users are ready for VHAS’ ability to decode (recognize) their own social cues. Mixed responses
to potential facial recognition (M = 3.43)* highlight privacy considerations, with some expressing concerns: "I
don’t really feel like comfortable with like facial recognition stuff in general" These mixed reactions suggest that
research studies are needed to identify users’ needs and preferences in terms privacy concerns and acceptance
levels of socially sensing virtual agents, as also suggested in a review of desired features for VHAs that questioned
whether sensing VHAs are necessary to for users to experience VHA’s empathy [165].

Despite some technical challenges, 74.3% of participants felt they could have a meaningful conversation with
the agent, and 85% expressed willingness to interact with it again. The high engagement scores (mean = 2.86, SD
= 0.96) and finding that 90% believed the system could be adapted to their needs suggest strong potential for
sustained use continuation.

9.5 Therapeutic Environment Design (RQ2)

The creation of the therapeutic "soft room" environment successfully supported user engagement, with partici-
pants unanimously rating the virtual office environment positively (M = 5.0 on a 5-point Likert scale). Qualitative
responses validate our research-based environmental design principles, with users describing the office as "really
comforting,’ "very comfortable," "very therapeutic," and "not bland nor overdone." One participant noted: "Like I
felt like the room was a very good, kind of a therapeutic setting type room."

The environmental design successfully conveyed professional therapeutic signals while maintaining approach-
ability. Users perceived environmental cues as signaling both an "office environment" and a working space
where the VHA "is working on his stuff" The "clean setting” was particularly appreciated, with one participant
explaining: "I thought they were uh in a clean setting. The setting was cool cuz I really liked, you know, to be in a

nice setting myself."

4Reminder: M represents the weighted averages of weights assigned by coders on a 5-point Likert scale based on the valence of user’s
interview comments (1 for very negative comment, 5 for very positive comment).
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Table 13. User’s perception/encoding of, and socio-emotional responses to, the VHA’s auditory social cues that support
the metaphor of a human empathic counselor: VHA’s vocal social cue design features shown in Column 1, lead to
users’ encoding/interpretation of these social cues as VHA’s vocal social signals shown in Column 2, and to user’s
socio-emotional responses to VHA’s vocal signals shown in Column 3, with excerpt examples from interviews shown

in Column 4, and weighted averages (M) (cf. Figure 7).

User’s perception and encoding of, and socio-emotional responses to, the VHAs’ AUDITORY social cues

VHA’s vocal social cue design features

Users’ encod-
ing/interpretation

of VHA’s auditory social
cues as VHA’s vocal
social signals

Users’ socio-
emotional re-
sponses to VHA’s
vocal signals

Excerpts examples of users’ socio-emotional
responses to VHA’s verbal tone (M=2.9), and
voice speed (M=2.19) social signals

Voice quality : 4 voices from ReadSpeaker:
two female voices (Julie, Ashley) and two
male voices (Paul, James); voices were re-
spectively matched with female- and male-
looking characters.

text to speech, no intona-
tion, gender of voice, biolog-
ical ethnicity of voice

robotic, monotone,
too artificial, too
text to speechy, has
no emotions, pleas-

ant, pretty realistic,
natural, matches
VHA’s  appearance,

attribution of gender
and ethnicity (urban)
of voice

- Nothing [to change] really, other than, you know,
the robotic voice.

— They had no emotions. You know? [...] the tone of
the voice was very | guess animated or monotone.

— [ thought [the voice] was natural to me. Like be-
ing there with that person.

- His voice sound urban. like he is- From my, from
he’s probably black just like me. So that’s proba-
bly one of the reasons why I'm picking, he sounded
like me.

Verbal tone: simple verbal reflections,
added at times after user’s answer (see Sec-
tion 5.4 on page 28)

verbal reflection repetitions

a little annoying af-
ter a while, validat-
ing what | was saying,

— The voice was fine too. Like the only real problem |
had was the repetition of “oh, okay.”
— So yeah, ... he would be like, "mm hmmm" like,

good "thanks for sharing that." | don’t remember what
he would say. so yeah body language, that kind of
validation of what I was saying, and [it] feels

good yeah.

not as fast as real |_
human conversations,
way too slow, perfect
because clear and slow | —

Voice speed constant voice speed, slow

speed

Slow in as like when the virtual person was talking
it didn’t seem to be as fast as a real human
conversation would be.

I think it was perfect because uh,. Even without
the closed captioning, | mean, he spoke clearly,
slowly but not like speaking slow, but we com-
pletely understand everything that was being said
or asked that was cool.

Suggested improvements: emotional = - - _
prosody, faster/adjustable speed, less
repetitions

[Going back options] are also very useful. So |
guess like, playback speed, like a *faster” play-
back speed? Yeah. Yeah. Yeah.

Our findings differ from previous research [138] that found medical examination rooms professional for
counseling. Different metaphors (medical examination vs. counselor’s "soft room") methodologies and user
groups led to different findings regarding appropriate design features. Our findings demonstrate that virtual
therapeutic environments can successfully incorporate established design principles from environmental clinical
psychology research [171, 193].

10 Extended Taxonomy

Lastly, to facilitate systematic accumulation of knowledge and comparison of various virtual agents, as suggested
by its authors, we propose an extension to Feine’s et al. [51] taxonomy, by adding levels of abstraction, individual
social cues, and a column identifying the inventory of individual social cues in our eEVA-4AUD implementation.
We formatted our extensions into the tabular format shown in Tables 15 and 16, in which (1) we created a column
(labeled in teal font ) for levels of abstraction or values that social cues can have, (2) we added social cues to
the original taxonomy (also color-coded in teal font ), and (3) we added a column detailing the social cues used
implemented in our current eEVA-4AUD virtual health agent. Given that we added social cues within the same
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Table 14. User’s perception/encoding of, and socio-emotional responses to, the VHA’s office environment that support
the metaphor of a human empathic counselor’ office: VHA’s office social cue design features shown in Column 1, lead
to users’ perceiving and encoding these social cues as VHA’s office social signals shown in Column 2, and to user’s
socio-emotional responses to the VHA’s office shown in Column 3, with excerpt examples from interviews shown in
Column 4, and weighted averages (M) (cf. Figure 7).

User’s perception/encoding of, and user’s socio-emotional responses to, the VHAs” OFFICE ENVIRONMENT social cues

VHA'’s virtual office social cue features
(see Section 5.1.3 & Figures 4 and 6)

Users’ perceived and en-
coded of VHA’s office so-
cial cues as VHA’s office
social signals

User’s socio-emotio-
nal responses to the
virtual office

Sample excerpts of user’s socio-emotional re-
sponses to the virtual office social cues; user
experience with the office M=5, office realism
M-=5, office views M=4

Aesthetically pleasing decor: curtains,
decorative rug, poster of nature, plants,
slightly hued walls, flower vase, mirror,
color-coordinated furniture

objects in office

really comforting en-
vironment, good for
one one one conversa-
tion, socially attractive
room, very good thera-
peutic room, very com-
fortable, not blend nor
overdone

— [ think it was good. Like it was really comforting,.

— It was cool. It was like sitting in an office envi-
ronment or whatever and actually having a one
on one conversation.

— Like I felt like the room was a very good kind of
a therapeutic setting type room.

- Very comfortable. It wasn’t, you know, too over-
done or too bland and it was just like any other
office, you would walk into.

Order and neatness

objects in office in expected
location

clean, nice setting, real
office

— | thought they were uh in a clean setting. The
setting was cool cuz1 really liked, you know, to
be in a nice setting myself. (call volume drops).

Non formal larger work space with two
part: (1) desk, computer, office chair, ta-
ble lamp, ceiling fan, diplomas behind desk,
books in bookcases; (2) ample seating for
user: 3 padded chairs and 1 loveseat, coffee
table, vases, tissue box

work space, office

ability to work, smart,
nice office

— | just thought it was so cool like here he is he’s
working on his stuff. He is a smart dude, he’s got
a nice office.

Suggested improvements: warmer light,
different inside views of room, more outside
views, take a walk outside with the VHA
while he talks

— | feel like it'd be- it could be more like a more
relaxing atmosphere like warm lighting and
stuff. [...] Usually when | go to see my therapist they
have a lamp on that has a warm glow to it and

stuff like that.

— So being able to relate different angles of the
room might have even made the bot seem like more
like a real person |[...]

hierarchical categorical structure of the original taxonomy, we did not change its structure and its validity is
maintained. We explain below the rationale for our taxonomy extensions.

10.1

To enable agent designers to document how they implemented their individual social cues, we broke down the
social cues into different potential fine-grained design characteristics, based on our knowledge of existing virtual
agents. Table 15 shows the taxonomy of visual social cues and a Value/Characteristics column describing possible
values or characteristics each social cues can be designed to have.

Adding Levels of Abstraction for Social Cue Characteristics

10.1.1  Visual Appearance. In the Visual Appearance sub-category of the original taxonomy, the [Photo-]realism
social cue is described as "the appearance of the agent ranges from extremely photorealistic to a comic appearance".
While the original taxonomy used the term Photorealism to refer to the appearance level of realism, we suggest to
rename that social cue as Realism, and to add a scale for realism levels, which can include a photoreal appearance.

Using fine grained scales, borrowed from computer graphics research on virtual characters, can help better
describe and document the degree of realism of a VHA. Given the large number of existing rendering styles, we
acknowledge that it is difficult to assign a realism scale to a virtual character. However, we posit that to facilitate
consistency across the research (e.g. regarding claims about evaluation of a character based on its level realism),
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Table 15. Extended Taxonomy of Visual social cues (expanded from [51]), additions shown in teal: Value/Characteristics
column describing single cue characteristics; eEVA-4AUD column with check marks for cues implemented in our design.

Visual social cue

Value/Characteristic

eEVA-4AUD

Visual social cue

Value/Characteristic

eEVA-4AUD

2D/3D

Realism

Humanlikeness

Viewing Angle

Facial Feature
Appearance

Gender

Age

Color/Race/Ethn

Attractiveness

Clothing

Name Tag

2D

3D

ToonPencil (comic-like)
ToonFlat

ToonShaded

ToonBare

ToonCG

Human I11

Human Basic

Human SSS

Human HQ1

Human HQ2

Low

Neither

High

Frontal (0°, horiz)

Slight angle (15°, horiz)
Moderate (30°-45°, horiz)
Eye level (vert)

Neutral Expression
Slight smile (30-50% intensity)
Warm Smile (60-80% intensity)
Female

Male

Ambiguous

[26-39] Adult

[40-64] Middle-aged
>64 Older Adult

African American

Asian

Caucasian/White
Native American/Alaska
Nat. Hawaian/Pacific Island.
Hispanic or Latino

RGB color

Low

Neither

High

Casual

Business casual
Business formal

White coat

Stethoscope

Yes

v

AN

AN NN N N NN

<

Facial expression

Viseme movement

Eye brow mvt.

Eye movement

Kinesics

Head movement

Arm and hand gestures

Posture shift

Leg movement

Smile (AU6+12)

Concern (AU4+2+4+5+7)
Subtle surprise (AU1+2+5)
Interest (AUT+2+direct gaze)
Other AU combinations
Yes

Raise

Furrow

Flash

Unilateral raise

Direct gaze

Gaze aversion

Gaze at object

Idle eye movements
Blink AU 45 (15-20/min)
Nod

Positive nod (nod+smile)
Negative nod (nod+concern)
Double nod

Shake

Tilt

Turn

Arms uncrossed

Typing

Formless flick

2-handed flip

2-handed contrast

Twist

Breathe

Lean Forward

Lean Back

Legs uncrossed (sitting)
Walk

Sit-to-stand

Stand-to-sit

v
v

SSNSSSSSSNSSSASNANN

Environment

Proxemics

Conversation distance

Emoticons
Typefaces
CAIC Traditional Ul elements

Visualizations

2D

3D

Spacious office room
Desk

Computer

Chair

Sofa

Window

Outdoor nature views
Clock

Tissue box

Plants

Diplomas

Diffuse lighting
Art

Examination room
Medical equipment
Bed

Bench

Intimate

Personal

Social

Yes

Yes

Yes

Yes

SSSNSNSSSSSNSNSASANSN

AR N N Y

No. of implemented visual social cues in eEVA AUD 58

using realism scales from computer graphics literature can help get closer to some research consistency within

the field.
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We chose to use a scale of 10 different rendering styles, ranging from comic-like to photorealistic proposed by
McDonnell, et, al. [110] shown in Table 15. McDonnell et al. [75] more recently described 8 additional ranges for
degrees of realism with yet finer grained levels of rendering that can be achieved with state of the art graphics
techniques, reaching higher photorealism. Given that such photoreal graphical models have not yet been used
to build virtual health agents from our understanding of the current literature (and research is needed to know
whether that would be desirable), we therefore expanded the taxonomy with the 10 possible values discussed in
[110], which is sufficient to describe current 3D virtual health agents. As more realistic VHAs are designed and
studied, researchers can extend/replace these scales with realism values that best describe the level of realism of
their 3D characters.

We added recommended values for the virtual agent’s facial feature, defined as the static and non-changing
characteristics of the agent’s face: neutral expression, slight smile (30-50% intensity, warm smile (60-80% intensity),
that can be used to first introduce the agent. In the counseling domain, we want to portray positive emotions, so
we used the facial feature to first introduce the agents.

We renamed the original Color social cue to enable designers to document the human demographic groups
under the Color/Race/Ethnicity social cue, and included fine-grained value for these. A recent review of 72
virtual agents reported that the ethnicity of 67% agents were white-skinned, 4% tan-skinned, 6% dark-skinned, 4%
Asian, and 2% Asian [102], demonstrating designers’ tendency to focus on white virtual agents. Given that skin
color as a physical characteristics is more related to race than to ethnicity, we used Color/Race/Ethnicity to enable
designers to document human-like agents from different demographic racial or ethnic groups they might want
agents to portray. Because our study was conducted in the USA, we used the racial and ethnic categories from
the US Census Bureau [185] (which we also used to collect our participants’ demographics) to provide potential
values for that cue. These are not exhaustive, and additional values can be added to represent other groups as
needed. We also added a value for colored agents (e.g. pink, green) that can be documented with RGB values,
although again this would not be feasible for metaphorical design of an adult counselor metaphor.

Similarly the recent virtual agent survey reported that 74% were adult, with only 2% were older adults, so we
added values to represent most age groups. We only included adult ages because our work is focussed on the
adult counselor metaphor. For studies with teens, which some study indicates they prefer same age virtual peer
coaches that look like them (in addition to a virtual adult counselor in a different role) [94], younger ages can be
added.

We added characteristics for Clothing that have been used by the very few studies on clothing, including:
business casual (as in [98] and in this study), business formal, or white coat with stethoscope which can be useful
to design agents based on the metaphor of counseling in primary care settings [100, 138]. For studies on same
age virtual peer coaches [94], casual clothing might be preferred.

10.1.2  Visual Kinesics. For the Visual Kinesics social cue category Facial Expression social cue, we added
the names of FACS-based expressions that our evidence-based approach and current findings point to as most
useful in the counseling domain, depending upon the specific context of the dialog: smile, and concern which we
used for this study; subtle surprise, and interest might also occur depending upon the dialog. Other expressions
derived from combinations of AUs might also be useful, again depending upon context.

We added Eye brow movements values that might be relevant in the counseling context: raise (or "eyebrow
raise") that might signal surprise, interest, questioning, or recognition; furrow (or "eyebrow furrow") that might
signal confusion, concentration, concern, or requesting clarification; flash (or "eyebrow flash"), a brief raise-and-
lower that might signal recognition, greeting, or communicative intent; and unilateral raise, one eyebrow raised
that might signal skepticism or questioning.

We added Eye movements values that are most likely in dialog: blinks, direct gaze because eye contact is
associated with enhanced empathy and alliance in counseling, as well as gaze aversion to reduce emotional
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intensity, or for turn-giving; gaze at object, e.g. for reviewing information; and idle eye movements for avoiding
frozen stare.

As discussed in Section 5.1.2, we added values for: Arm and hand gestures that can be characteristics of
full-bodied animated virtual agents inhabiting an office environment such as arms uncrossed (communicating
openness), typing (as a working professional), and discussing topics with users with the help of formless flick,
2-handed flip or 2-handed contrast gestures, and resting (as our current agent does); for Head movement: nod,
positive nod, negative nod, double nod, shake, tilt, and turn; and for Posture shift: twist, breathe, lean forward,
lean back. These are all important social cues for active listening.

10.1.3  Visual Proxemics. As discussed in Section 5.1.3, in the Visual Proxemics sub-category, we: renamed the
Background social cue to Environment to capture the fact that 3D virtual agents can be portrayed in front of a
2D background image [98], but that most often they evolve in a 3D environment (as with our current virtual
agent); we specified a set of objects that have been used to model a counselor’s office (as our current agent), or
those found an examination room with standard medical equipment (a bench, a bed, and medical equipment)
for counseling performed in medical offices [138]; and we provided values for Distances inspired by proxemics
theories: intimate, personal, and social.

10.2 Adding Individual Social Cues

Since VHASs used in eEVA-4AUD were implemented
with social cues that were not included in the orig-
inal taxonomy, we added individual social cues to
some of the original categories: in the Visual cate-
gory, we added to the Appearance, Kinesics, Proxemics,

Table 16. Extended Taxonomy of Verbal, Auditory, and In-
visible Single Social Cues (expanded from taxonomy by [51]),
with additions shown in teal: new cues; new eEVA-4AUD col-
umn with check marks for cues implemented in our design.

and Computer-Mediated Communication (CMC) sub- Social cue Value/Characteristic cEVA-1AUD
. . Ack led v
categories; and in the Verbal category, we added to the Ask to start/pursue dislog v
Content sub-category. o 4
In the Visual Appearance sub-category, we added gl /
. . eedbac
the Viewing Angle social cue, defined as the horizon- Greetings and farewells v
. . . ki
tal and vertical angle from which the virtual counselor’s Coment J(fpfnion conformity
; : 3 o Praise v
face is presented, e.g. horizontal slight angle (15°), full e emotion ’
frontal (0°), or vertical angle at eye level. These can be Verbal Refe to past 4
eflection
manipulated with camera angles to produce different Self-disclosure v
Self-focused questions
appearance effects. Small talk
: : . _ Thanking v
In the Visual Kinesics sub-category, we added two Tine andtadvice 7
social cues: Viseme: we portray realistic lipsychro- Abbreviations 4
. . i . Formality compliant v
nization by mapping visemes to phonemes; and Leg style Lexical diversity v
. . . Sentence complexity
movement: as discussed in Section 5.1.3, we added leg Strength of language v
movements with the following values: legs uncrossed, prender of voice
. . Voice qualities Voi g v
walk, sit-to-stand, stand-to-sit. oice tempo
' u
In the Visual CMC (computer-mediated commu- Auditory Grunts and moans
. . . . _— Laughing
nication) sub-category, we added cues for visualiza- Vocalizations o I segregates
tions that agents such as ours use to present data to T __ >
. . . . . Chronemics .
users (in this case about their drinking), and UI ele- Invisible LR g
ments for traditional Ul elements that are needed to S Temperature
No. of implemented eEVA verbal, auditory, invisible social cues 19

complement and augment VHA’s communication, e.g.
microphone on/off icon.
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As discussed in Section 5.4, in the Verbal Content sub-category, we added the Acknowledge social cue, e.g.
"Okay!, "I see!’, that is often used in conversations, and in particular in counseling sessions, to build therapeutic
alliance combined with nonverbal active listening behaviors. We also added the Ask, Explain, Feedback social
cues that are underlying verbal actions afforded by BMIs, the Refer to emotion to document when an agent
refers to the user’s perceived or inferred emotions from user’s verbal or nonverbal messages. This characteristics
can enable an agent to verbalize empathic messages, e.g. when providing feedback empathically about individuals’
health conditions or lifestyle. Finally, we added the Reflection social cue that is one technique to express empathy
by reflecting on what the user shared, or in its simplest form by rephrasing or repeating what the user said
to confirm that it has been considered and understood [198]. Motivational interviewing, however, uses a wide
variety of therapeutic complex reflections [121] that future VHAs should provide.

10.3 Adding Comparison Checks

Lastly, we added the eEVA-4AUD column to indicate with check marks which individual social cues with their
values we implemented in the current implementation of our our virtual health counselor eEVA-4AUD. This
knowledge can facilitate consistent comparisons of our agent with others, as was exemplified with three different
agents earlier in [51]. Additional columns can be added to compare which social cues and which values were
implemented in different agents.

11 Limitations and Future Directions
11.1 Limitations

While these findings represent significant progress, several limitations must be acknowledged.

Firstly, despite mixed ratings on visual realism of the virtual agents, participants found the agent physically
appealing (71.6% agreement), interesting (88% agreement), and responsive (89% agreement), and were willing to
use the system again (85% agreement). These findings align with the I-PEFiC model (see Section 5.1.1), which
predicts that realism contributes minimally to engagement compared to facial familiarity and aesthetics, and
does not significantly influence use intention. Moreover, photorealistic agents may be inadvisable for counseling
contexts: the uncanny valley effect shows that near-human photo-realism can trigger discomfort, reduce trust,
and create confusion, whereas realistic agents avoid this risk while maintaining effectiveness. Further research is
needed to identify desirable levels of realism for the counseling domain, which might depend on user population.
It should be acknowledged that while an initial novelty effect could play a role in the social presence felt [141],
the aspects of the system described represent broader areas of design consideration, with potential examples
from eEVA-4AUD to demonstrate how such features can be integrated.

There was also variability around the agents’ interpretations and preferences. The agents were initially
designed and assessed with primarily Western (and specifically North American) standards of appearance and
work roles. All conversations with the agents were held in English. Such findings may not be globally extensible,
and preferences, and familiarity can impact rapport formation. Although one participant mentioned that “No, I
think they covered pretty much all age groups and genders and nationalities”, we cannot make that claim: human
demographic uniqueness is based on infinite combinations. The cultural and linguistic background of participants
was limited, and we cannot say their preferences reflect all users, nor that all types of potential looks were
represented in our agents. Whereas this work represents a first step to broadening the options available as users
engage with VHAs, research is needed to further discover users’ agent’s preferences, including about androgyny.

Although the evidence-based behavior change intervention on alcohol use disorder that the VHA delivered is
lengthy and could be completed in multiple sittings (which we limited to one month), a longitudinal study would
enable us to provide guidance with generalizable results on long-term interactions. The study sample was limited
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to heavy-drinking adults recruited through online social networks, which may not generalize to other clinical
populations or delivery contexts.

Technical improvements needed include: enhanced speech synthesis with emotional intonation, smoother
animations for nonverbal behaviors, and more robust voice recognition systems. The current model can be
enriched with more facial expressions [131, 140] and expanded nonverbal repertoires while maintaining the
successful active listening framework.

Our extension of the taxonomy might not encompass all additions needed to portray virtual agent as counselor
extenders, but represents a continuation of the systematic discussion of individual single social cues for detailed
agent design started by the author of the original taxonomy [51].

11.2  Clinical Practice and Implementation Implications

The integration of quantitative acceptability data with qualitative user feedback demonstrates that virtual
counseling systems can achieve both high user satisfaction and therapeutic fidelity. The finding that 85% of
participants would interact with the agent again, combined with 90% believing the system could be adaptive to
their needs, suggests good potential for sustained engagement and treatment continuation.

The evidence supports the conclusion that virtual agents designed as counselor extenders have the potential to
improve access to evidence-based health interventions within the healthcare ecosystem, e.g. initial stepped care,
prevention intervention, booster sessions, just-in-time interventions. Human clinicians should not be replaced,
these systems should extend therapeutic reach to underserved populations, provide consistent evidence-based
interventions at scale, and potentially serve as a first point of contact for individuals who might not otherwise
seek treatment due to stigma, accessibility, or resource constraints. The convergence of workforce shortages and
demographic mismatches underscores the potential for virtual counselors to provide culturally representative
behavioral and mental health support to underserved communities.

The systematic approach to design and evaluation, validated through both quantitative metrics and qualitative
user experience, offers a replicable framework for future virtual health counseling interventions [96]. Albeit our
system is a non-commercial research prototype, the findings that participants viewed the agent as providing
"reliable information and statistics" while being "practical, easy to use, and guides the person on what to do
without forcing us to make a final decision" suggest a successful prototypical implementation of evidence-based,
BMI therapeutic approaches.

12 Concluding Overarching Findings

Our work demonstrates that it is feasible to implement and deliver complete, evidence-based Brief Motivational
Interviewing interventions using virtual agents as counselor extenders. The qualitative evidence shows that
participants recognized the client-centered approach as a usable and useful intervention. The finding that 93%
were comfortable disclosing to the virtual agent (with 83% preferring it over physicians) addresses a critical
implementation challenge. This suggests virtual agents could serve as accessible first points of contact for
populations who avoid traditional care due to stigma. Our 86% enjoyment rate, 85% willingness to interact again,
and high ratings on therapeutic qualities (90% warmth, 92% knowledgeability) suggest virtual agent as counselor
extenders - even without privacy-concerning automatic emotion recognition to simulate adaptive nonverbal
mirroring and richer empathic communication - can achieve meaningful therapeutic relationships, challenging
assumptions that technology-mediated care is inherently impersonal.

The potential use of adaptive social intelligence, in which a virtual agent has access to and interprets users
emotions from facial expressions, and the privacy concerns it raises needs to be investigated to assess users’
acceptance of such virtual agent technologies in the context of counseling. Identifying the best level of agents’
realism for best engagement outcomes and satisfaction outcome may vary based on a variety of factors, including
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age, gender, computer game experience, among others, and needs to be further investigated. Greater variety in
virtual health agents as counselors can offer significant value and homophily from those engaging. This variety
could aid in rapport formation and better virtual health agent adoption and resulting health outcomes, and should
be explored further in future studies.

The use of a taxonomy of social cue to identify and document each individual feature, of evidence-based ‘soft
room’ therapeutic environment office designs, and of user-centered evaluation using mixed methods created a
comprehensive system rather than fragmented components. This holistic approach might be useful for future
designers of virtual health agent as counselor extenders, and facilitate accumulation of knowledge. It should
also be noted that our methodological approach, and some of our design guidelines, might be useful for the
development of virtual agents in different domains, where active listening is important.

Our work moves beyond laboratory studies toward deployable systems by addressing practical concerns
(technical usability, diverse user preferences, scalable delivery) while maintaining therapeutic fidelity. Rather
than replacing clinicians, our findings suggest that virtual agents as counselors could extend and complement
therapeutic reach, particularly valuable for stigmatized population, and given the current mental health workforce
shortage.
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A Code book

Table 17. Definition of theme codes and subcodes, frequency counts of users’ comments related to theme (n), and inter-rater
reliability (k)

Theme Codes/Subcodes = Definition - Comments that refer to... n K
Agent acceptability
General user experience | personal feelings or emotional response stemming from the experience with the initial agents selection | 12 | 0.79
menu and/or the interaction with the agents.
Personal qualities perceived personal qualities of the agent, such as friendliness, coldness, competency, etc. 11 | 0.90
Appearance visual appearance, physical features, or associated visual components of the agent such as clothing, | 24 | 0.88
glasses, and other accessories.
Gestures/Non-Verbals gestures, body language, and non-verbal communication of the agent. 27 | 0.90
Voice/verbal tone voice and verbal features of the agent, e.g., verbal expression, intonation, cadence. 18 | 0.90
Voice speed speed of the voice of the agent. 23 | 1.00
Agent diversity
Ethnicity/race perceived ethnicity / race of the agent. 14 | 0.59
Age perceived age of the agent. 1 | 075
Gender perceived gender of the agent. 18 | 0.80
Environment
General user experience | reported feelings about the virtual background environment around the agent. 3| 1.00
Realism level of realism of the environment. 5 | 0.66
Preferences/view preferences for office environment and views outside the office windows. 17 | 0.79

B State of the Art on virtual agents as Counselors
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I-PEFiC Original Model
The I-PEFiC model we applied in this research is shown in Figure 8.
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Fig. 8. Interactively Perceiving and Experiencing Fictional Characters (I-PEFiC) model [187].
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